Solid State Reactions by Rahman, Rabia
S O L I D S T A T E R E A C T I O N S 
ABSTRACT 
THESIS SUBMITTED FOR THE DEGREE OF 
Doctor of Philosophy 
IN 
Chemistry 
By 
RABIA RAHMAN 
DEPARTMENT OF CHEMISTRY' 
ALIGARH MUSLIM UNIVERSITY ALIGARH 
INDIA 
1 984 

t«XiA vtvl* r«Mtloii« notleaft « • ••rly mil 
•IflitttAtli ••Atvvf' "M aoMy ipalA ••rloiui A%%«ntloa 
a|r«t«aiitlo laT««%if*tloa» of %)!••• roattleas >«caii 
only f i f l j r 3r««r« 81tt«« tli«a a apato of aetlTitlai 
haa •nmxtH ragardiag tha aa^haolm of raaotiOA* faetora 
iafluaaoinf tha raaetioa rata, fomation of rata a t^iaklo&a 
ate. 
In tha praaoftt irerk, tha aellA atata raaatloa ^at-
vaoa Igl nA BgCUr and botvaaa Ovlr anA HiZ2 Mvaral 
tMparataraa aaA ooaooatratlona hara h^ ma. takon up for 
atuAy* fba »aia aiaa of tMa mtk ara 
(1) to oataliXiali tha aaahaalfli of roaetioaa, 
(2) to flna tlLO of foot of rolatlTo oonoaatratlon of tha 
raaatoikta on tha rato of raaetion, 
(3) to inraatigata tha offaet of toaparatura oa raaatioa 
rata* aaA 
(4) to look for any oorrolatiaa batvoan tha raaatlon rato 
aaA tha otralaa on tha partialoa af tha roaatlon pra-> 
Auoto. 
Piffarant atapo vhloh ara inTolvaft in tha roaotlan 
haro hooa ohaakod thamol aaaS^oia and olaetnaal oaaduo* 
tlTlty aaaaaraaoata. Proaonao of init ia l raaotanta, intar* 
wm0iim%9 ftad f inai yroiust* ia • p«7%S<mI«r miMN-
h m ••rif iad i i f f r f t « t ioa •oAlytia* 2t 
tim tmitmt pvoAtidts tli* iip«iit«p is the ttf 
vtMlion* 
in mtk htm h§m out 
in two vi^st (1) O^ lUc fy »«tiM>6 «iia (a) ftatlsoi of 
la 4« f i f i l t « vloi0lklotttti*le ffttios. Steps im^Xr^ in tlis 
y e M t i ^ im tlie of eixl«r«a ave 
SftstA on aoAlymiSt 8i«eli«aiiiis em fts 
foXXovsi 
4it mXmt vwlie 
BgClBir 
2Afl IgClBr ——^ 
4AfI • IfClSr — A c 2 l « X 4 • A«(CltBy) 
mlmf Vfttlo 
Ugl 4 SRcCUlF 
SAfI 2B|^ rZ 
• Utz 
Z 
IZ 
ZZZ 
Ugt f SRfOZBr ^ AfjjHfZ^ * * RgZg 
2tf mXmt ratio 
4AgZ -I- 4Rf01Br 
2lgt * 2R^tt 
Ugl ^ Bglg 
4HgBrZ •*> 4A«C1 Z 
ZZ 
ZZZ 
• «f l2 
om •MlyMs, %h9 r « « « l l «n MtlumliBS ar* tm 
foUovtt 
2i3 Mlar ratia 
2eiiBr 2SfZ2 
2@«Z 4 HcZj 
^ 2I^rZ • 2eaZ 
Cm2ltl4 
2C««» + JHgZg > OtttBcZ^  • 2HflrZ 
!t1 mXmr 
3«»B» • aHfJg ^ SmgBrX • 2C«I • 
2CitX + Bglj Oii2RfZ4 
361®* • JHtflj • Cidir 
Tli* produet* i d « A t i f l « 4 In th« enpiHaix ytaelioas 
« r « follovst 
AgX • UgOlBr * Ag(OXp»r) « ( » • l i i i « « 
tor Afl 
0«iBiP • Hgig 
SttM of 111* oonoontratioii of tbo 
rooetanto aro fousA to fmr^ur rooollon at m foolor roto la 
•oaforlooa to othon, Roootlea io ovpfoooA to pvooooA ia 
two vijot tnr ootttoX ooatftot of tho roMtoato onA Hj t i^ 
pluioo i l f faoioa. A fartloulor aolor i « t i o of roaotoato 
proYiAo aool oalto^lo ooaAltioao onA iMuro tiko <roator roao* 
tioa rmto for ti l ls ratio ia oo«farS4Mi. to otlMro* Xa tlio 
aWro oot of roaotioa tlM roaotioa wmlm ia t i l aolar aisturo 
of AfZ aaA RfClBr io faotor tliaa ^ laaotAoao ia aajr aolar 
ratio*. 
tho roaotioa rato ia tko oaoo of oapiUary aotlioA 
vhoro aolar ratio* aro olivioaolj aot roloraat hao ¥oaa 
»M«tir«A ^ th« botmdftxy mofw^wmt ipltli tim h»Xp of • 
l ing sloroaeop*. k ^iguOitatlT* lAt* of in 
thatf vlitr* th* r«*«tion tut by 
i&C til* r«ftet«ats in Aif f*r«nt propoytion* hM bttn obtaintA 
tqr ttttiac th« t i M of ttio mppoaraneo of pomko in tbonua 
•nA oonAuotiTitsr •tooaroMnto* A now mtkoA boo boon oiig-
fOotoA lAiovoby tbo voootion voto in tho oooo vboro tbo vooo* 
tion piPooooAo b j Mixing of roootanto* oan bo aooiuroA by^  
OKployinf X«y«ar inA infrosroA toolini%uoo« 
Tbo oabiont tomporatavo io founA to grootay offoot 
tbo rato of Inaction • ZnoyoaooA tmi^ovatiivo oauaoo m v 
ooilioiona botiroon tbo roaotant aoloonloo and tbio bxlnga 
lavgor oorfaot aroa of tbo roaotaato into oontaot vbiob 
roaulta in inoroaaoA roaotion rato. Tbio io oxoaplifioA br 
tbo foUowing tablo, 
m i I 
foaporattupo Rato oonotantf k Roaotion ovAov» n 
•« t O.f («i®/br) 
0.609 * 2,375 
•7 1.49i * 1.870 
100 2.8Sa X 10"® 1.930 
10A 4.700 X 10*® 1.920 
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Partlol* of th« rwmntXon predutts has boxi 
by la&ftlysiBc th« lAt«ii«lty pxofilt ot X-raj d i f f -
ract lom linaa by uaiag tha mathod af irwrlaiiea prapoaad by 
Mltra and it haa baaa not ad that thara la a poaltlYa 
eorralatlon batvaaa tha partioXa aiaa of tha px^duota aad 
tha raaetlon rata. This la axampliflad by Tabla IX• 
On tha baala of tha obearrationa it ia oonjaeturaX 
that tha raaotion ia ixiitiatad at thoaa looaliaad pookata 
vhara tha oonditiona ara aapXy auitabla in tarsa of tha 
distribution of raaetaiat ttolaeuXaa in that ragion. 
Straina in the parkioXaa of tha raaetion product a 
hara also baan naaaurad by tha anaXyaie of tba intensity 
profiXa of X-raor diffraction Xinaa and it has bean noted 
that the amaXXer the strain on the partioXea of tha p2D-
duetSy the greater ia the reaotion rate* Thia statement 
ia bome out by the data in 7d»Xe I I . Xt can be cXearXy 
aeen that the reaction in 2t1 soXar Mixture ia fastest and 
the root scan square atrain TaXua of the product, Ig^Bl^ 
is ainiaaua and of Ag(CX» Br) ia aXao nearly ainivus. frca 
this it haa been inferred that pcaaibly the reaction is 
initiated when the reactant MoXecuXes are aubjected ta 
greater strain and in the ceurae of reaction, they reXeaae 
aXX strain and ara Xeft vith the Minixtoi aaount of strain. 
The dependence of the rate of reaction on the particXa aisa 
•zkd tht ftraia on tli« vmvtiat pftrti6l«9 has th« 
of Tarlous inT««tic&tlo&« but it !• for th« f l r « l 
t lM tlmt «• hftTtt «tto»pt«d to find » ooxrolation botvoon 
%h% r*t« of roftotiott meA tho purtielo niat Had tho strain 
in tho partiolos of th« roaetion product a. It v i l l bo 
wortbiriLilo to eorroborato tboao eonolusioaa by a noro 
dotaiXod Btudy** 
Furthor a aaai-oiftpirieal rulo tiaa boon propoaod 
whioh tolla vhioh of tho roaotant ponotaratoa into tho 
other in aolid atato roaotiona ocourring in a oapillaary, 
!rho diroetion of roaotion vaa oorrolatod irith tho Bobyo 
toxporaturo of tho roaotanta* tho oaloulatod taluoa of 
tho Dobyo tomporaturo for all tho roaotanta aa irolX aa tho 
root moan aquaro diapXaoomont of tho oationa of tho reao«> 
tanta irhioh aro oatimatod with tho holp of Bobyo tompora-
turo aro ahovn in Tablo III . 
lo 
TABI.S IIZ 
Coapound Dabya taaparatura Root »aan aquara 
(H) in diaplaoaaant 
^ y^ in i 
igZ (haxagonal) 95.16 1.43 X 10*^ 
OioBr 144.34 1.21 X 10"^ 
H«l2 67.05 1.46 M 10"^ 
Agl (euMo) 103,83 1.31 * 10""^  
Ef^rX 73.39 1.41 * 
HgClg 105.99 1.20 X 
H|^ r2 82,11 1.34 X 10"^ 
A 7«aetaiit vltli Iov«r Ctby* la fotind to •aslXj 
•iit^r Into th« lat%io« of tlio othor rtaotaat vltb highor 
Dtljyo tomporaturo* For txaapla In tha raaetlon OuiBr-Hgl^ * 
Hgig vlth lovar Dabya tamparatura panatrataa Into CviBr 
vhieh haa got highar Dabya tamparatura. 
Additionally, va fonnd lha Sabya taaparattira of 
HgCUr vhieh vaa not prariaualy knoim, Lattioa oonatanta 
of HfClBr vara Aao nat knoim vlth any graat dagraa af 
rallablllty. !Fha lattlaa eanatanta of Sf61Br hara Haan 
radatamlnad by na with a fair aaotint of aeeuraay. fha 
arror batvaan tha abaarrad and aaloulatad d Taluaa for aaok 
2 
4tt«VBiii«4 ani TaliM tlms 
2 lAtc i . flut irvfgr Xov Tdlv* •f 
«• mm my with m f « i r of eoAfifttiiM 
tlial %lit ngGXBr HlMMl* to tlM «yft«» «&tli 
A • 11*924 
% 6*6701 
e « 10*046 
A iMitAVI* twtntw of til* py^MAt voxic tb* fonn»> 
IfttlOft of «a9tli«r Mttl'MMft^irioiCl yiOo for Asltfttinlnt 
3r«aotftat p«witfmt«» into otli«v in th* •oatiaomtion of 
thoir oiifBleal potontial* In th» oluMiie»:i ^ 2, 
(Isttioo CBMV«r) ioth* «o«t proBlAout pmp% and tho Xattloo 
•iMivsl** of fHAOtftttts aro tm\»il«toft In I f * 
f ABU I f 
OoayoMfti IttltlOO OttOrgir ^ ^ 
kgt 80tt 
AfX (onUo) 808 
C i i r (4ni%i«) tT9 
( t o t w w i o D j p ^ 2569 
Bf la 2569 
2569 
H f i r j ( f lMal io ) 299t 
It hiui hw fomA thm% r9Mtm% vltli tli* hi«h«r Isttiet 
mmrgg or eh«il««X pot«&tl«l poattimtos Islo tlM othor vith 
X w r lattl«« •atrgx or «Ii«m1««1 potoatiftX. For oxaaplo 
HcOlBr • 2585 kilo ohouia 9«attr«to into A«Z 
• 808 kilo #/»olo)| 
Bfl^ ( « 2569 kilo /^moXo) shouia ponotiwlo into Oidlr 
( ^ • 879 kilo J/»olo) • 
Xho Toi«o 9t (motiTfttioM taoxir) lioo boon Aotor^ 
Kinoi liy foirljr ooaprohonoivo oonpittor oftleulationo using 
toMporattiro Aopondoat tomo oloo bgr aiaplo gviiphioal 
mothoA* Saeh of thoa akova tho aaao poroontago orror a&A 
thoroforoy it ia sA^iaabla to profer tl^ o ainpXor grapMeal 
Bothod in oos^ariaon to tho oo^^lioatoA onoa. A doopor 
thoorotieal inaight vilX ataggoat irhieh ona to aooopt and 
vMok ono to rojoot* 
Xt haa lioan forthor ahoan tliat tho atrain onorgj la 
Kaoh ffiaXXar in ooapariaon to aotlTation onorgjr* Strain 
onorgioa havo boon oaXonXatod to 1m of tho ordor of 0*26 
kiXooaX/aoXo and aotlTation onorgioa ara of tho ordor of 
koaX/aoXo. Honoo froa onorgf oonaldoratlona otrain 
aoona to pXagr a Tory minor roXo in ohoalaaX kinotloa* 
Rowarary tho atraln inflnonoaa tha roaotlon in a dlfforont 
vajr. Xt ariaoa duo to tho proaanao of dofoeta in aoXlda 
ahloh faalXitato tho roaatlon. 
Aia««rtatlon hat l)««n AlrlAti into 0«Ttii 
ohiqpttri. In th« first ehapttr, « bri«f mnmarsr of th« 
propoatd atoluknlMi •f toXlA r«»otlont, rarlous frnrmlt^ 
tiona of th« rat* •quationt» KtthoAa of •xtraetlng partleX* 
•is* ani strain on ths partioXts X-rtgr Xins profiXs 
analysis is prsstnttd* Aims and seops of tho prosont work 
has aXso 1t>o«n smmarisod* 
fho ssoond ohiq^ tor doaXs with tho ehoKistry of 
haXidos of CvL, Hg and Jkg, vhiXo in tho thrid ehaptor, tho 
proparation of tho roaotants HgCXBr and Oiffir has hoon 
dosenhod« 
fho fourth ohaptor doaXs vith tho idontifioatioa 
of eoapomds in tho soXid stato roaotions vhleh haTo boon 
oarriod out in tho prosont vork using X-rays« fho X->raar 
diffraction data of tho roaet«ats» somo intormodiatos and 
finaX produets aXong vith tho ASTK data aro roproduood 
horo. 
fho fifth ohaptor dosorihos tho roaotion hotveon 
Agl and HgtXBr in dotaiX. Nothod of noasuring roaetion 
rato in roaotions hj oapiXXarj aothod has boon outXinod, 
Hov tho infomation about roaetion rato has boon oxtraotod 
froB thomaX and oonduotiTity noasuroaonts has aXso boon 
giron. ?aetors affooting X-ray intonsitj aoasurononts 
/A 
hMf ^vvn dlsoutsfA. Bat* oa th« strain axid partlola aisa 
of tha raaetlon producta hara baan praaantad. A eorralation 
haa l>aaii obaarrad batvaan tha raaetlon rata and tha atrain 
aa valX aa tha partlola aiaa of tha raaotlon product and aa 
attampt haa haan iMda to drair eonolualona fro« tha atrain 
and partiola alaa of tha praduota about tha natura of solid 
atata raaetiona. 
In tha aixth ehaptar» aoXid atata raaetlona hatvaan 
Cidlr and HgZ2 oonaidarad. Tha atrain and partiela 
aisa of tha raaotanta aa valX aa products hava baan tabu-
Xatad* Ealationahipa and inferanoaa aiailar to thoaa 
arrivad at in Chaptar T ara furthar substantiated from 
thia study, 
tha saranth chaptar diacuaaaa tha part playad by 
Xattica Tibrations in aoXid atata raaotiona and oompara^  
tiTa roXa of tha raacting particXas in tha raaation. A 
aami-aiipirieaX ruXa haa baan propoaad vhich taXXa that 
irhich raaatant viXX panatrata into tha othar in tha oonai-
daration of thair chaaiaaX potantiaX. 
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CHAPTER 1 
G B K E R A L I N T R O D U C T I O N 
2 
1 2 
Interest In solid state reactions ' has been 
stimulated by their growing application in various f ie lds 
like metallurgy, ceramic technology , manufacture of gems, 
geochemical processes and in the development of polymers 
and propellents. Spinels which are formed from various 
kinds of oxides as well as their solid solutions are used 
in the manufacture of television, jet planes etc. 
7he various stages of a simple addition reaction can 
be pictured in the following manner. An illustration of 
this pattern is the formation of zinc iron spinel from zinc 
oxide and ferric oxide. Zinc oxide and iron oxide in the 
powdered form were kept at a given temperature for a given 
time and the changes in various physical and chemical pro-
perties were determined. The same sequence is expected at 
other temperatures and times. The process consists of the 
following stepSt 
Primary interaction 
The reactants A and B when mixed together at ordinary 
temperature, interact unless aged. 
The reacting surfaces come closer when the reaction 
mixture is slightly heated. This heating decreases the sur-
faces and increases the density. The adsorption of organic 
dyes is an example of the process. 
3 
PowBatlon of attrfacg (p«riod of f i rst activation) 
Whan tha raaotanta A and B ara nixad togathar at OOB-
paratlTaljr low taaiparaturaa, aoaa surfaca partiolae of 
aithar of tha raaotanta haooaa aoMla and gat attachad to 
tha aurfaoa of tha othar component. Honoaforth surface 
molaeules AB are forsad without one lattice diffusing into 
the othar. The surface f i l « which reaiilts from this inter^ 
action is Tsry looaely bound and is not coherent. In this 
stage of the process the aiztura has the naxiraum catalytic 
action. The nusber of active centres become saxistus and the 
reaction becomes fastsr. Thia phenomenon has been observed 
vhen the sine aluminium spinel is formed fx^m sine oxide and 
4 alumina • 
Completion of molecular aurface film 
(period of f i rst deactivation) 
Vhen the reaction temperature is increased the mobile 
component diffuses to the surface of the other reactant and 
forms a complete layer of AB molecules. Ths surface film so 
formed is more stable and the molecular forces are balanced. 
The catalytic activity is thus lover and the density of the 
reaction mixture increaees further because reaction pene-
trates into the interior. 
The interactions of A and B described so far involve 
only the surface motion of A and B possessing extra energy. 
4 
Pomatlon of aoleoulea of AB by diffusion Into the interior 
(period of second activation) 
Vhen the temperature la raised s t i l l further the 
particles diffuse through the layer of the reaction product 
into the other lattice. Honstoichlometrlc AB is formed in 
A or B. The reaction product is in an imperfect state and 
hence the catalytic action is at a maximum. In the forma* 
tlon of the zinc iron spinel the reaction product ehov the 
correct but imperfect crystal structure. 
Pormatlon of orderly crystallized AB 
(period of second deactivation) 
fhe fresh product shows an imperfect lattice. The 
average particle displacement and the large heat of solution 
Indicate this. The reaction rate becomes high in the dis-
torted state when rapid diffusion occurs. The lattice 
imperfections disappear and greater amoimt of normal reac-
tion products are formed as the temperature is increased. 
As the reaction product reaches completion the reaction rate 
decreases, the catalytic activity decreases and the density 
again increases. Before the product becomes free from a l l 
non-thermodynamlc disorders the reaction may be practically 
complet ed. 
The picture described above is based on circumstan-
t ia l evidence. One may arrive at a qualitative \mderstand-
5 
ing of Mlia phatft r«ftotiont when aor* than on« product 
foravd. 7hl« caa l>« dono noting tho ohaogoa of a 
largo ttuabor of proportioa of tho rtaoting aystoA, ?arA and 
covorkora^*^ haro mda an intoraating bagizmlag in thia 
diraetion irorking vith tha ^ata» BaCO -^Fa^ O .^ 
Lattica fltata and raaotiTity 
fha chwEBical potential ineraaeas duo to tho struc-
tural or taxtural diaturbanoea which axart an &oe«lorating 
influanoa on react lone of solid a. 
k defect rich compound is aore reactive than a coa-
pound in a aore perfect state. The reaction between caloiua 
oxide and ferric oxide aay be taken ae an illuatration. 
Heavily defective ferric aulphate waa aade to undergo decoa-
poeition vith caloiua oxide leading to the foraation of 
ferric oxide. The ferric oxide thua prepared reacta faater 
vith calciua oxide deapite ita greater grain aise. 
During a cryatallographio tranaition a very active 
at ate exieta. fhia la hecauae the honda ere weakened and 
aoaetiaea even broken during the tranaition* According to 
the Hedvall*a rule during the tranaition the oryatal haa a 
aaxiaua activity in reactiona with aurrouading aaterial. 
Deapite the natural abundance of aolid atate reac-
6 
tions thejr remained u&r«cognl«»a for • T«ry long tlao. Far«^ 
dagr^  tbo f i rs t otitor^Atioa in tbla dlrootlon. Spring^ 
obsorvod reactiona botvaan inorgauio aoXida In 1885 but tha 
intarpratatlon vaa partly Inoorraot. Tha reactions of 
quarts and aluaina were described hf Cobb^^ in 1910. In 
1912 HedTsU^^*^^ pointed out that reactions in the solid 
state occur frequently and constitute a rttry important 
« K « £ « •« 
branch of chemists^* Hedvall and Tasaaann ' started the 
systematic investigations of reactions in solid itiirtures 
about forty years back* They made sone basic conclusions on 
the ffiechaniSM of reactions in solid crystalline sixtures* 
The TasiiBann HedTall theory tras supplemented and developed by 
Wagner'®, Huttig'^ and Jander^®. 
2t 22 Xn 1990» ¥agner and Sohottky propoaed a thermo-
dynavic theory of solids. This takes into account inper-
feetions and impurities. They suggested two main processes 
in a aolid state reaction. 
(1) The chemical reaction involves the phase boundary pro-
ceaaea. liuclei are formed and the reactioa product grovs. 
(2) Natter in transported to the reactioa cone. Biffuaiom 
takes place through the layer of the reactioa products. 
For a unidirectional diffusion across the product layer the 
well knovn parabolic rate lav 
7 
« t t 
t l^Xmm, f im tlii^m^M of tli« ^redtiet t is thm 
ip*«cliott tiMt I' ^ ^ th» iifltisioa oo«ffi^«ii% of tiko 
Mfmtxrn opooioo tad tbo ipfopojplioiioaitr ooii«l«ii%t 
footlTol^r* tmoii tti« Aiffte^Ott oooffloioAt i f tolcc^ ^ %o bo 
iaaopciidotti of tiao onft tlio «roo of oosloot io tolcoa to bo 
ooaotaaif «o fot 
jr^  « • C 
oir f® • 21l>% « (oljieo j • i^on t » 0) 
iri^ oi^  i t tho f « Io eonota&t* 
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#«iidor s»ro o Idsotio ottsotion for povdor ooBpnefo. 
OivrotKfXiflod oootaiptioiio bttro boea »«io %& tMo o^«otion# 
Xb tbo doflvttlion of tliio oQtt%tio& it i « ooMiiMd that oqnol. 
•iood ophoroo of s^ootoat A «ro oaboAaoi iA o tmooi oonti* 
miotto M4iiMi of Foftfito&t B. fho inoroooo iA tbiolnooo of 
tbo oplwriool olioXi of tbo f^foAiaot f io MMnuM« to follow 
tbo fMfobolio frovtb low* flio woU Imeini o<|ii«tiom widob 
booro bio aaso io flTOA oo 
t J . ( I • 
«boro tbo Ottffis of t iOAotoo tbo imitiol of tbo mm of tbo 
o«tbor. 
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tn this •qufttion tht frftetloa of th« r«aetioii ooap* 
X is r«lat«A with th* %iM t. In this d«riir«tioa two 
funduisntal points haro boon noglootod aa4 thooo wist bo 
eox^ roetod, 
(1) Porabolio grovth io lanoxpoetoA for m problon with 
ophoriool OTomotxy unliko tho AiffuoiOA oontroXlod ono 
(ai&oaoional roaotios probloa. In tho fonior oaoo a para*-
boXio groirth Xav will doaorlbo only the initial atagoa of 
tho reaction vhon the produot thiokness % vhoro 
io tho radiuo of tho roaetant A, 
(2) Tho difforonoo in tho aolar irolttmo betveen tho react ante 
and tho products has not boon taken into aeooimt in tho 
Candor's equation. Finally, tho assusption that A particles 
are complotelf onTolopod by tho B particles is true for Tory 
largo •aluos of rj^ /r^* vhoro r^ and r^ ^ are tho radii of tho 
original spherical partioleo of A and B. 
Kroger and Zieglor^^ used aost of <randor*s assiwp-* 
tions. Unlike Zander, the diffusion cooffieiont vas taken 
by thOH as inTsrsely proportional to tiae. 7his becoaes 
oqoiTalent to assaaing that the rate of change of product 
thiokness is inToroely proportional to tiiso* which foras the 
basis of the Yaasann theory, 
y^ - 2K In t 
9 
th« •qttfttioB coaMntd vith th* JaaAtr •qoAtton 
giT«» to th« Krog«r*Z«lgl«r •quatioa, 
la t • (1 - (1 • 
Zhur«Tl«T, Letokhin mad at«u»»d th» aoti-
•Ity of th« rtaetiim vubstano* to b« proportional to tho 
fraction of th« unraaotad material (1 • z), fhns 
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diABtlin^ and Bromialitaiii auggaatad anothar nodal 
uaing bandar* a aaauaptiona but not eonaidaxlng tha parabolio 
rata lav. Thay uaed the Barrar*a growth of tha product 
layal^  aquation for staady state heat tranafer throui^ a 
apharieal shall. They arrived at the folloving foxn. 
S-B * • ' - I* - -
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Carter*a aodel ia an iaproTed for* of the 0 in atling 
Brounahtein* a. Thay aeeountad for the difference in volume 
betveen the reaetanta and pradueta. Sa introduaed a nev 
tersa (Z) to aaeouat for the change in voltne betveen the 
reaetanta and product a. He obtained the equation, 
Z > <2 > 1)(1 ^ « Cl • (Z --
Z • 1 
fhia equation ia knovn aa the Carter Talenai equation 
becauae the aane equation vaa developed by Talenai uaing a 
10 
different starting point. 
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d«x*lT«d «n •^uatlon for solid ntsts 
rsmetions using the ?iok*B second Xav for diffusion in and 
out of a sphere* The equation is 
r t » In — ^ n 
(1 -
7he nodeXs disousssd alioTe are linited because they 
are based on the assuffiption that the particles are spheres 
of unifom radii. Howerer, they are able to explain many 
solid state reactions in a satisfactory aaxmer. There are 
aany other aodels which take into account the particle eise 
gradation. These have been developed by Miyagi^^, Sasaki^ ^ 
and aallagher'^. 
Informations regarding the Icinetio parameters and 
related nechanisMS of solid state reactions can be aade 
available froa a knovledge of the reaction kinetics* The 
Arrhenius equation expresses the rate constant as 
k(T) - A e - ' ^ * 
vhich has been successfully eaployed and derived for ho»o-> 
geneous kinetics. A is the frequency factor vhich is pro-
portional t® the number of successful collisions of the 
reacting molecules and B is the activation energy. 
11 
"•^f f t 4 f t f f » f iM WUf f f i t f JTfftfUW 
Selli rtactiOBS t«k« ylM* du* to 
f l i «M sact •itli«r destroyed, 
or acirogotoA la a ooXid stftto roootloa. IXoetviMtl tofoeto 
«ro MsoolKlot with tho eryotoX doftoto* TMo Xoado to 
«li»rfo troaofov proeooooo vliioii «ro oooontlol stops in m 
roootion* 
Ono of tho aoot iJiportottt dofooto la a solid stato 
ohoaleal p«<oeoso i s tho surfaoo* AIX orystals a^ovo O^ X 
o:i&ll>it tho folloviac ¥asle statlo dofoots. 
(1) Surf aoot a) dl seoatlaaity at tbo sarfaeot stops* 
o) klaks la stops, d) isolatod atoas or ions* 
(2) Point dofootsi a) vaoaasr* %) intorstitial at«is or 
lo&s» o) iapttritjr atoas or ioas at propor lattioo altos 
or la iatorstit ial positioas. 
(9) Dlslooatloasf a) odgo* oorov, o) n a f . 
(4) Staokiac fauitsi aaiiy of thoso dofosts oaa bo prooont 
la stolshioaotrlo orjstaXs* I f tho orrstal Is aoa-
otolohioaotrio aatorlal, dofooto sad olootrlMl dofoots 
haro to bo proooat to oaouro oXootrloal balaaeo. 
Tho prosonoo of dofooto la tho orystal aakos tho 
roaotioa posslhlo, fhlo is hooouso thoro aro (1) tho trsao« 
port of aattor duo to tho aoToaoat of atoas or ioas* (11) 
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loemltmmtt&n of •Ivotrleal (lii> of Xoea* 
U8«4 etroBV fi*lA«. 
Attr«etlv« and rtpulsiv* foro«« irhloli op«rat« b«tvt9ii 
tht TKrlouc of Aofoclo aro assoelatoA niith tho offoe* 
tlTo •lootrical ehargog. for oscmpX* i^on a Taeanesr Is 
proaoat in a atoichioMotrie ionic oryatal ie a looaX 
inloalanoa of oliarg* altboni^ thtt oi^atal as m vliolo la 
alaotrioally noutral. Cation Taoaneiaa earry nogativo 
ohargoa and anion iraeaneioa poaitiiro oharges* 
BisXooatlon in an ionie orjrataX uaually oarrLe» not. 
oliaz'go beoat20« thore is Sifforenoo in tho creation of anion 
and cation iracaneios. I f anion vmcanoios ar« created eioro 
easiXf tlian cation Tacancies the dislocation wil l carry net 
charge. As the tenperaturs is increased the charge on the 
dislocation disappears because the ratio of the production 
of anion and cation Tacancies converge* 
foint defects like Tscancr* interstitial or inpyurity 
are associated with localised stress fields* These defects 
eause a contraction or expansion of the sixrroui^ing lattice 
causing a stress field, fhis causes a tendencar to notion of 
ions in pressncs of stress gradient. In the sane vay line 
and plane defects hare seaeirhat sore cosplicated associated 
local lattice distortions aad stress fields* This leads to 
Interaction vith ether dislocations aad point defects, fhe 
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foUoviniE point • rvgardlng tf*f«ot« Imporlaiitt 
( t ) approprlfttt oooditioa* iiobllii in 
Uttio*. 
(2) ] )*f«ett vlth eaeh otlwr to etrose and 
#3.«ot]fioal 
(3) difilocatlon* act as aouroaa tmA einke for point 
dafdotB whan th«y mora. 
(4) In a cryataX tha lina dlalooationa aot aa patha for 
diffualon in a cryataX* 
Tliaaa dafaota ara f r y inpoirtaiit in aoXid atata 
obamietx7 Imt thair datailaft partieipation i e not oorraetly 
iindaratood« Point dafaets pradoMinata in high taaparatura 
raogaa, vharaaa diaXooationa ara Bora ieiportant in lov tas** 
paratura rangaa. 
In a aolid atata raaetion wa aatuna that initially 
aurtaea diffaaion takaa plaoa. fha rata of raaotion ia 
taktn to ba tha rata of diffuaional groifth of tha product 
layar« fhia doaa not happan in daeoapoaition raaetiona and 
phaaa tranaforaationa. Phaaa tranaforaationa taka plaoa 
mora rapidly than ia axpaotad froa tha raaotion rata 
thaory'^. 
lluelaation ia tha prooaaa In vhieh partiolaa of tha 
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pha»« foni«4 imd th«i« to 
thtxvodyiiMilcalljr KuoXttfttion oeettr* at thot« 
•lt*» in th« parent phaaa vhioli rtduca tha aurfaca anargy 
for tlia tra&afoniatloA. In adlld at at a tranaforaatlona 
nuolaatlon oeeura at altaa Uka aztamaX or intamal aur-
faeaa (on tha aurfaoa or on grain boundarlas) of tha parant 
phaaa, dialooatlona and elaatara of point dafacta* tiuoXaa* 
tlon at aucli prafarrad altaa la ealXad hataroganaoua nuola»-
tlon. Suolaatlon that takaa plaoa uniformly throuc^out tha 
parant phaaa* la ealXad hoaoganaoua nuoXaatloa. 
Hoaoganaoua niioXaatlon 
Vhan an unatahXa anhryo of tha ^ phaaa poaaaaalng 
Olbba fraa enargjr a^ la forsad fro» an< natrlz henrlng Glbha 
fraa anargjr O, at oonatant tasiparatura aod appXlad praaeura Cv 
tha tmXk contribution par unit ToXusa la 
ft ®T - — ? 
Tha aabrya ean ba atabXa onXy If A 0 0 and If 
vhara r la tha radlua of tha apharloaX aabxyo and cr la tha 
aurfaoa anargy at tha boundary of tha aabryo* Tha radlua 
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oaill«d th» eritieal radiua and th« oerrtapondiiag critical 
fraa •nargjr la 
MAd^r 
Tha rata of auolaatlon dapanda on tha critical fraa 
•nargy aa vail aa on tha fraquano^ vith irhioli tha atosa Juiip 
aoroaa tha intarfaca froa tha parant phaaa to tha dau|^tar 
phaaa. Accordine to Yolaar and Vabar'^ tha fratuanolaa of 
euch junpa in a condanaad vjrataa ara given hy 
AO. 
f o 
vhara ia tha fraa anargjr of activation of a singla 
atonic Jimp to tha aabxyo aurfacot is tha nunhar of atona 
adjaoant to tha anbrjro aurfaca vhan thia ia of critical 
aiaa, ia tha Tibration fraquan^ of tha atone 
and k ia tha Boltaaann*a conatant. Tha ntabar of ambryoa of 
eritical aiaa ia givan by 
fic - »T ^ ^ 
vhara My ia tha noabar of atona par unit Toltma* According 
to tha claaaioal thaory tha cenplata axpraaaion for tha rata 
of nuolaation nay ba giran aa 
(Aa% Aa) 
I . i y , I T ^ 
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K^ m 8*rjij 
It is ti«ii«lljr thiit one* li tfauglit«r phss* 
Buoleue of orltloal else bee "been tome& It vi l l grow. 
Heteroieeiieotte otteleetten 
Qibbe^^ and tolaer^^ aael^sed a ph&ee for this 
type of ii»eleatio8* 7Mb f> pliaee ie present between the 
parent phase p^ and an unrelated phaseV. the energj re* 
tttired to fox« a spherical oap of at the Y interface 
Is given hy 
where A is the interfaoial area end r le the radlue of the 
oap. If 
?if. It A nuoleue of P phaee In ^aatrix at the 
oL Interfaoe* hoth^and Y deformed. 
the eurfaoe oataljses the/^ te phase transfomation. 7hen 
eneror for formation of an 
interfaoe between the parent and the daughter nucleus. The 
balaooe of forces in the horisontal plane of Fig. 1 can be 
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written In of th* eontaet ft»gX« ^ and th« surffteo 
t«&«lo&t 
Thm A « A (P . A A o ® ©-(T,^ 
fb* total m9Tgy tor tomimg anbryo i s 
for spliorioal oapt f . bM A ^ eau ba expresaeA as 
V c<.$ 
fimotio&a of r aad Whan ta« darlvatlra of A 
raapaot to r at conatant 0- la aat atual to mero, tha Talua 
for tha orltioal radiua ia fouad to ba 
2 aiB 0 
fka oritioal fraa anargjr ia glTen aa 
0" » 
f 
v^aii 0 appreaohaa saro, 2 - 5ooa 0 coa 0 approaehaa aara 
aM haaea A®* —^0 . 
Oraiii boundariaa and dialooatieaa provida isportant 
aitaa for hataraganaoua nuelaation ia aolid atata tranafor* 
<«K 
sationa. Oibba^'' haa aada aalaulationa far nuelaation at 
farioua kind a of grain bomdary aitaa. Oahn^ *^  haa dona tha 
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mm for 41ftlocation». In th* tli« 4i«looatio& sftjr 
or my not b* dostro^H. Zf th« AlsleofttloA is d«»tro7«4i 
th« phaflo roplmoos i t , 
Slator imr 
Vh«n a «u\>«taz^ o» In which partioles ar® packod in an 
arragr haated a1»ova ahout half tbalr for a aoitabXa 
tisa tha partlolaa Join togathar. 7ha poraa vMeh ara 
fomad froB tha miaflt of tha particlaa gradually dlaappaar 
and tha piaea ahrinfca, thla la known aa aintaring* 
fha atudiaa on sintaring ara oonflned to tvo sajor 
f ie lds. In tha ftrat tha drltring force, transport aeehanim 
and kinatloa of the prooasaea that lead to partlcla Joining 
and neck forisation are invastigatad. IDha eacond con-
comed with tha ©truotnra of the f inal product and also tha 
sintering tiffiaa and temperatures. 
Sintering coneiats of sereral stages. In the f i rs t 
stage surface roughness is destroyed or the surface hecoaes 
SBooth. fhen the particles join together vith the eliBina* 
tion of TOids and pores. The surface of the particles dec* 
reaaes and the contact increases. 
ProB the at and point of kinetioa and BachanisB the 
aecond stage of sintsring is the Bost important, fhe possi« 
hie Baas tranaport BechanisB in the aecond stage of sinter-
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lug ar* 
(1) Tl«cou» or plMwtte flov 
(2) fTftporation tiod ooxu}«n«fttio& 
(5) Tolua* or eurfaoo dlffuolon. 
pr«s«nt work « « • undortakon with • irioir to otudy 
th« eoXld solia ro&otlOAii betwotn AgX and HgClBr and 
aod RgZg- produota of raaetion, raaetion Idtuatieo, 
saohaniaai of reaetlon and tba rola of aaiMant tamparatura* 
parttola aiaa and strain of tha produeta of raaotlon ia to 
ba liiTeatigatad. k raport by Kontiarth^ Gordon axid Cutlar^ 
Gould ba cltad in the litareture vhioh thraw l i ^ t on hov 
ttie surface of contact of the raaotauta altarad the reaction 
rata. The asallar the paa^iolo eisa tha greater would be 
the contact area and hence more enhanced vould be the reac-
tion. Bttt the part played by atrain in reaction kinetiea 
haa been aore or leaa coapletely ignored by previous workers. 
The siaiple experiaient of etching for exaaple that a few 
dropa of hydrochloric aoid aprinkled ower surface of aingle 
cryatal of aodiua chloride on regions hawing dislocations 
dewelop huaps shows that defeet rich areas are aore prone 
to cheaical reaction, fhia justifiea tha concept of atrain 
being a paraaeter in addition to particle aiae in detarain-
ing the rate of a reaction. Another aapect which does not 
seea to hawe attracted any attention ia the relationi^ip 
between the root aean aquared diaplaoeaent ariaing due to 
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t l M V M l iniMr«ti«ft» ttii t l M rwMm •M«l«a%* fkmm i m m 
flMMMwits hm l»«Mi maiiat«A ia %f %hm wXl Inwm 
f « r tilt X-mr a&ffVMrtiOft ttttoitv* 
tlM loittA for ftailAviaf rtmas* Xa oratr to 
•tvAjr Atealo phMMMioiuia oao oMoiio otliiiio vouli to mIw 
%h» otoao voooItoA liy noiiiff radiiotioiio wkioo wmtlm^^ 
wpo of tlio Btm ovdor 00 tlio otoaio ooyoiwtioAO. X^voyo* 
olootroa onA aontvoa vonroo oatiofr tMo ovltoftoa. Vo ooa 
oltaor «oo aiovoooopy or oa^Ioy tlio Alffroatioa totfhaitao* 
Coaotraetiea of aoatroa aai aioroooopoo to a Toiir 
AlffloaXt took, oaitliettgSi alomooopy luio aaAo ooao fro* 
fToooy it to aot ttooa 00 for for tiio proooat pari^oo* BXoo<» 
troa aloroooopy hmm tho Arovliaok that liooaaoo of fko poor 
p«aotra1iiXltf of tlio oXoetsroa l»o«a» oitlior tho orofto rop» 
lioa toOhaiw io to lio aaoA or tbo ooiflo hm» to bo oat 
iato vofjr tli&a oootioaa* fho prooooo of oattia* tkoa lata 
tlOa oootioao aogr itaolf ftatroAaoo aov Aofooto* Vo koro 
tkaa at oar tlopoooX tko Aiffrootloa tookaifaoa* Boooaoo 
of tko poor pMOtrokility of tko olootroa koa»» oXootroa 
iifllrootioa tookaiqaoo ooaaot ko aooi to otair kaXk oaopXoo* 
Boatroa Alffraotioa ro^alroo a Xar<o oaapXo onA tko ooapXo 
oia ko ioaofoA oai oactra iofooto pfo4aeo« Aariat oxporteoa* 
tatioa* Oa tko otkor koa«» X-^ rogr Aiffraotioa io froo froa 
aXX tko akovo iiffioaXtioa w i tkat io aky it io wmtik aoro 
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coMBon and of g«n«ral ue« for studying Xattio* d«f«ct9. 
the above sentioa^d partielo sise and atrain can be 
atvidlad by tha Una profile analyala. Three net hod a are 
generally uaed for thla study* fhese are method of integral 
width* nethod of fourier coefficiente and the method of 
variance. 
(1) Method of integral width 
The integral width, ie defined a® the ratio of the 
integrated intensity and the intensity maximum of a pure 
diffraction profile from an aggregate of distorted email 
2 
crystallites p the root mean square strain <^ e Aesum* 
ing both the particle sise eu.d strain profiles to be of 
conchy type. ViUiamson ^d Hall"^^ have used the relation-
ship 
^ (1) 
where & is the apparent particle sise, (T is the apparent 
etrain,)\ie the wavelength of X-rays used and Q is the Bragg 
sngle. B<|uation (1) can be written as 
LsaiJS. , JL > l£ l l f lLa (2) 
> ^ > 
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A Of acsiavt ( l l ^ ) v i u Ujiokp 
OA ^ Mds v i l l fht SAfttitiiAo 9f and 
vbOM •lofo v iU « !•• Tttlu* 9t (T • tf 9«rtlel« 0lc« 
tsA atMia ywflXM up* of OAUMiaa typ* nft* (1) viXJl b« 
•odifl«4 t» 
AgiUlJi ft plot of ( I m ^ j ^ ogftimol paarti-
olo oist and atraim from tlia iatavaapt anft tha, alopa* In 
tha pvaaattl ittvaatigatioii oaJi^  tlia Qcaaalaft aaam^timi of 
parliala aiaa ani atralji pzofiXaa harta baaa ooiiaii&ai*aA, 
{2) ifHiff^ ftt t fwnty f f t f m t t i i l i 
Varraa and Ararbaak^^ licra iAtvoduaai tlia a a «M af 
faarlar Ooaffleiasla for atwiyiac U^Ui* prafllaa* Hara agalm 
It la aaaoMi that tlia pmrtMm aiaa wA atraia aaa too 
altHar of tha Oauahy oip Oaaaa typa ani raXatlana liara 
l>aam ia««aai aaaordlai^. 
(3) I f l M ft Y M l W f 
tha tiaa tliia M iNiaa 4airalapa« It had baaa fount 
ttet Wtli Oaaaa tmi Gm^ tjrpa af atnda diatrtMloaa mm 
h9 praaaat aai than tiaa Tarlaaoa watM vaa davalapaA* Tlia 
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most important property of this method imlike other methods 
i s that the variance of a prof i le which i s the result of 
convolution of two or more independent prof i les can be taken 
as a sum due to defects, crystal l ite size and geometrical 
broadening. 
The variance or the second moment of a line prof i le 
can be defined as 
^ = i(2e - 2&) I(2e-)d(2&^ 
jI(20)d(2G) 
where 
26-= 
I(2e)d(2®') 
I f the broadening of the X-ray dif fraction line pro-
f i l e i s attributed to particle size and strain only then the 
variance of a line prof i le , after correction for geometrical 
41 effects can be given by 
H o = - - r i - T * (6) 
2 7\ pcos^- 4 7\ p cos%- ^ 
where K and L are constants for a given particle shape, p 
the particle size, the angular range over which the inten-
sity distribution is appreciable, ^ is the variance of 
the strain, ^ t h e wavelength of X-rays used and is the 
Bragg angle. Since particle size and strain in a given 
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AiMolioft mn th9 •tm f9r nU o M m 9t tte flwmt 
vt'UtitUm*^ tiMM OMi —VTmflf 
U r 200-400 Hy ft prop*? el ioio* o f 
MEl«* •meh o f t l i oM of r o f l oo l i o i u i t ros tod ao 
00 002t rofUot&OBO f o r viaoli E • 1 aiiA « 0 . v m 
tliooo oMnuip«loiio» o v i , <<) o«k ^ v r l t t o a 
By t l i io Rotliod oTWi ft ftiacio limo p y o f i l o oan jlmM 
9ftrlieX.o olfto mA otra i f t •ftXaoo uo ing ^ i f f o f m t s o t s o f 
( V 
I t i s voXl kftoiift %liat Xftttleo ao f eo to muSn fto 
Xoofttiottfty fttftokiiif ftiid twiaal ftc fftttHo oto* ftvo ftoooi^ftalo^i 
Igr otvftlAft ift M t f t l o ftftA oo« »o«at f t » ffeost Aofooto ftvo 
ftot^iftC M 4l«vlfttiOAft fffoft rofftXftr fttoslo «nrftncoBoiitft» 
fkftt tkofto « o v i « t l o f t o ftvo U k o l y ^o fto«if^ t lM r lhru^ lnrnX 
t r w m ^ r oyootfttB o f tko Xftttloo* hfto b o w Aioonoooi l a ft 
rtfTlov Hy U f o k l t f t ftftA f l M D o ^ o oluuTftO^orlotlo 
toMporfttuyo i o roXfttoi t o tlio f m » f t f t ^ « l o m i l i i t i o t t f o a o * 
tiOft. 
f h o M l t i a c poiftt o f ft ooXi« t a roXfttoA with tko 
D o V * toiifos%tttvo tlio Llna—Bii ' f t fon f tOf t^ ' f l T o n 
25 
5)-
T^ th« ••Itlzig point of solid 
H is th« itol«eular 
T i « th« a««n i9oI«cular ToXust 
b ia a eonvtftnt for io&ic solids 
^ 115 
^ is ths Dst>]r« tsiipsraturs of ths substsnos* 
fhs root Bsaja sqaars displaosnsnt is sxprssssd in 
tenas of ths factor B vhioh is rslatsd to the Sehjrs t«mps~ 
raturs hy ths foUoving siiuation 
B 2 » 
—27 
vhsrs b is ths Flanok*s constant <6*626 z 10 sr^s. s«c) 
k is ths Boltssann constant (1*58 x srgs/dsgrss) 
M is ths Bass of ths nolsonls 
( « Kol. vt, X iiass of hgrdrogsn atos) 
f is ths absolute tsnpsraturs. 
Thus froM the Belting point the 3>ebye teaperaturs 
bsooBss knovn. froB ths Bsbys tsBperature B becoBes knovn 
and B is rslatsd vlth ths Bsan displaesBsnt of atoas in ths 
lattics by B - In ths prsssat work ths 
Bssn displaesBsnts hsTs bssn eorrslatsd vith ths rats eons-
tant k. 
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Aimm maA of th» V r^k 
9h* ftias of thlo roaoKreli work voro folXovss 
t« iarottig«%t tho offoet of roXfttivo ooaooAtriitloft 
<Bol«r rfttios) of tho roftetanto ia oolU irtato roootlono* 
2» to iiiTootigttto tbo offoet of tosporftturo oa tho rato of 
0OXi4 lis at 0 roaotioaa, 
to 08ta1»Xi«)i tho aoeliaaim of solid atato roaotioaa aad 
tmravoX the difforoat at op a laTOlvod la tlio i^aotloaa. 
4* to dmiv laforoaeo froa tho atralaa oa tho partleloa of 
tho prodttota of roaetiona about the aaturo of roaetloa 
aad ettabUth a eorrolatloa botvooa roaetloa rata and 
atrala of product partlolaa, 
to draw laforoaoo froa tho partlelo also of tlio produeta 
of roaotlon ahout tho aatura of roaotloa aad oatahliih 
a oorroXatloB hotwaoa roaotloa rata aad partlolo alao of 
produeta, 
Tho roaotioaa vhloh have heea atudled la tho preaeat 
oaao are 
(1) AfXOIfOlBr 
(2) Calr-Hfig 
(7) Tho other roaotioaa* aaaely* AcX-HgCXj end 
AcX->IIfir2 irere ooaeidered to elaoidate eoao polata* The 
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•ff*«t Of ef r«»ift«at» ia rat* hat 
«tiiAi«4 tli« •ff«et of ttmia in r«a«tl«& 
r«t« eoapl«t«ly lost cli^t of. But « « h m tMeU 
to oililiagiso th* Tolo ^ otrtiii oiid partiolo oiso 
of proAueto la tho rato of roaotioa. 
FelXoidiMi aotlioAo iuvro boon uaoA in oar otndjrt 
1. tho roaotioa rato lioa booa otadioA tlio lioaaAaxy aoiro* 
Mat aotliod uoizm a trarolXiaf aioroaoopo* 
2* Stopa in roaotioa voro otaAiofl ^ ooaAuotiTity aad thor-
»al aoaooroBoato. 
3. Produoto (ao woU ao roaotKito) iaontifiod If X«ror 
diffrootioa o&alyoio Duo to thoir oliort l i fo tiaoa* tlio 
iatoraodiato proAuoto ia tlio roaotioa aro aot idoati-
fia%Xo 3E-ro3r • 
4* Straiao ia tho partioXoo of proAaoto of roaotioaa a« 
woll ao ia iaitial roaotoats Aotomiaoi liar oaalyoio of 
X-rosr Uao profilo tho aothod of Mitra). 
3* Partiolo oiso of tho proAaoto of roaotmta (ao iroll aa 
iaitial roaotoato) iotorainoA hf Xiao profilo oaaS^oio 
ihf tho aothoA of JUtra). 
fhooo aothoAo horo hooa olaboratoA at appropriato plaeoa. 
farthor foUowiaf aotahio thiafo haro hooa vorlcoA 
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out in 
¥• haT* shoim that the 6ouY«ntionaX gn^pMoal method of 
•xtraotlng th« aotlTatioa enargsr of solid etat« r«ai»tion« 
1« aAequatc for qualttatiT* purposat* 
Va hsTa gtran a aiapla aaMl^aapirioal z*al« vhioh ta i ls 
vhioh of tha raaotanta panatrstaa into tha othar th« 
solid Btata raaetions oe earring in tha oapillaxsr. fha 
direction of raaotion vaa oorralatad iiith tha Bahye teat* 
paratura of tha raaotanta* Additionally^* va found out 
tha Daligra tea^erature of HgClBr vhieh iraa i^t previousS^ 
knoifn* 
5» tfa have alao aisplojad tha eonoapt of oheaieal potential 
to predict tha direotion of diffusion in li capillary, 
4« Ve haTa proposed a aathod for dateoting rate of reaction 
of the reactants in the definite molar ratios hy using 
X-rigr aM infrared techniqiues* 
fhe earlier reported Talues of the lattice paraiieters 
of RgCUr were not reliable, Hore reliable values hy 
a detailed study hare been reported in the present study* 
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Th* foUovi&g tiro i«iiotloxi«» 
(!) Agt BEgCJJr 
(2) C u B r — B g l g 
W9V imd«rtak«ii for study* 
@o»« of tb« reaeono uliiob itak« tillYttr iietllS« atruio-
isit«r«8tiii« tli« foUovlaf t 
(1) 8«rf«ml d i f f « r «nt etmotura}. tjrpfts of 
(2) fh9f em as ionio ei*3rsta}.8 bsosass th^ ohisf 
attraetiTS foroat ar« eo«tioiBl>io. Bow«ir«7« isi the 
of iodida, tfeei^ ara oo&aidarabla oontmtmtio&a of alao* 
troa pair %>oxtd foroaa. 
(3) Xn tba high tamparatura fom of ail-var iodida tha eilirar 
ions ara ragardad to mora frsal^ irittiin tha at mot ur a aa 
thay Bova to tho intaratit ial poaitiona. 
<4) Tha photottaaitiva propartiaa of thaaa oi^atala ara also 
important* 
fha Tarious stmotural tjrp** liatad in tahia t ars 
takaa from tha thaaia of Sr» S« M* Anaari^ Also aaiiy of 
tha propartiaa of th«aa halidas aaA hg^gl^ ona of tha 
raaotion praAuets of tha f i r s t raaotioo hava haan tafcaa 
froa tha aaas. 
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??abl| I 
01»»«rT«d «tmotur« types, oo-ordination nuabtrs 
shortest Interatoulo dietanoee. 
Structure types 
®1 »2 ®4 
AgP 2,46 - • 
AgCl 2.77 - - -
AgBr ' 2.88 - - -
Agl 3.04 - 2.80 2.81 
The nunher of closest neighbours of opposite charge, 
fitmber of closest neighbours of like charge. 
The structure types vhic^ are designated as B »^ Bg* 
B^  and B^  hare been taken fron Strukturbericht . The infor-
mation regarding the interatoaio distance is from there. 
The interatoaic distance of Agl in the B^  fom has been 
taken froa Jacobs^. 
In the B^  and B^  structures the hexagonal arrangeaent 
permits each silver ion to be bonded by four neighbouring 
halide ions and rice rersa, thus permitting electron pair 
35 
hotaing throughout. Bom and Nmjror^ , Huggins^ and Pauling^ 
haT« calculatad tha lattloa anargiaa and i&taratoBle dla-
tanoaa* Hugglna haa daaorihad tha atahilltjr of atruoturaa 
at dlffarant taaparaturaa and praaauraa aa vaU aa tha pra-
aanca of intaratitlal iona.and alaotrona. 
tha Inoraaaa In taaparatura aXlova the tranaltlona 
to take place in the foUoving dlreetlonat 
Bg ^ B, — B ^ 1:^  Bj 
Tha Inereaae in praasure favours the tranaitions in the 
following directional 
(Bj or B )^ — > B^  Bg 
7he B^ arrangenent ia favoured over B^  in the presence of 
extra electrons and of extra (not too large) ions. Bus to 
slight shifts of the silver ions* provided the dimensions 
of the tvo Structures are auffioiently similar the transi-
tion froB B^  to B^  or vice versa can occur. 
Silver iodide has got a high electrieal conductivity 
owing to the fact that the silvsr ions in it are extremely 
aohile. At the melting point the melt has got a lower con-
7 
duotanoe. Tan Klooater' haa reported the heata of formation 
of silver halides. The thermodynamic propertiea have heem a 
studied ¥y Kuhaachewaki and Ivans . Melting and boiling 
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points can b* n«d« arm±lmhl% froa "ohraieal •l«a«nt0 and 
thair coBpounda" by Sidgvlok^ and in iiBS^ .^ 
Sllrer ehlorlda and ciXvar broslda have been ahova 
to poaaaaa a oublo atraetura of tha aodiua ehlorlda typa 
by aeana of X-ray povdar p h o t o g r a p h a ' ^ T h a danaity 
of ailrer bromide at 20^ C end 410*^ 0 vna aaaaured by Wagner 
and Beyer^^ to Interpret the lonie conduotlon of eleetrl* 
city. At the tiro tenperaturea» the lattice structure was 
found to be unchanged ae the ratio of the length of the 
cubic axla at 597®C to that at 20®C waa t,02. 
Silver Iodide ie knonn to exlet In three fomo. 
¥il»ey^^ reported a cubic structure of tne alnc blende 
12 
type. This was confimed by Davey . According to Ami-
noff^^ the crystals in the mineral lodyrite vere knovn to 
hare hexagonal synmetxy which was confirmed by l^ ave pat-
terns. Wilsey^^ confirmed the occurrence of the cubic and 
he»a^onal Tarietles together. Silver iodide was prepared 
by precipitation from the nitrate solution by potassium 
iodide. From the Tariatlon of intensity of diffractions 
common to both proposed struct\ures and from the presence 
of lines not comsson to both it was concluded that the cubic 
and hexagonal warietlea occurred together in varying pro-
portions* 
Ag2ligl^ is formed as a reaction product in the AgX 
37 
audi HgClBr reaction. Th« coapound Is knoim to foratd 
15 
from Agl and HieZ^  ^uita aaaily . i t la alao know to hava 
a r^ry high alaotrleal oonduotlTity. fha cation orAar 
dlaordar tranaltlona in Ag^e^^ f l rat orAar^^, Thia 
la unuaual alnca In othar auparlonlo eonduetora tha cation 
diBordering la gradual with taaparatura I f thara la no 
atruotural phaaa tranaltlon. Thla matarlal la alao unlqua 
In that It haa 2 disordering oatlona rather than one. The 17 
eleotrloal conductance of Ag^gl^ la pnaarlly Ionic 
above the order-dlaorder tranaltlon temperature of 50®. 
Beloir thla crlt loal tenperature there la an appreciable 
electronic component. 7he ef fect of preaeure on conduc-
tance at alX temperatures la Init ia l ly to Increaee the 
conductance. Hoveirer» the conductance passes thzH}U£^  a 
maximum and decreaaea between 40C0 and 6000 kg/cm « Thla 
unuaual preaaure behaTlour la not explicable In terms of 
any almple model. A new phase exlata vhlch la presumably 
an analogue of that occurring In Agl ^ 6000 kg/cm . The 
conductance In thla phaae la primarily electronic even at 
hl|^ temperatture. The data alao auggest the possible exis-
tence of s t i l l another new phaae between 4000 and 6000 
kg/cm .^ 
The deacrlptlona regarding mercuric halldea and other 
compounda Inweatlgated here have moatly been taken from the 
theals of Br. S. H* Ansarl^^ and Dr. Afaq Ahmad^ .^ In the 
Q 
O 
Bolld Stat* ««rourio iodid«, tttrah«dralt th« othtr 
••reurio liftXid«« ar« orthorhomblo. 
CI 
B« CI 
CI 
s 
CX 
\ 
N 
N X \ N \ ^ \ 
Bg 01 
di 
Cl' V \ 
V 
"s 
m 
or 
Jci 
01 
Syttm - OrtborlioaMo 
ft « 5,96®A, b - 12,76®A, o - 4.32®A 
Syatn - Orthorbrablo 
a - 4.67®*, b - 6.85°*, o - t2.4S°* 
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SjatMi « T«tr«<oiitkl 
« - 4.37*A, C - 12.44®A 
TtM ory«t»X atruetur** of th« ntrourlo 
•XMtpls* of ft aorphotroplo tr*a«ltloa dopojodont upon tho 
i 
•loetreaocfttlTity of tho hmloffon (4.0t 5.0» 2.6 and 2.5) 
for f , Cl» Br aod Z, roopoetlTolj. Korourjr chlorldo hma 
dittort«d 9tenoch«ml9tz7» the struotur* is tseentlally 
mol«oul«r, b«oaus« two pairs of CX distances (5*54 
and ars larger than the SUB of the Van der Vaals 
radii (3.30®A). Mercuric bromide has a layer structure 
of defonaed bruoite type with six Hg-^Br distances being 
less than R(Hg) + R{Br). Thus the effective co-ordination 
i s octahedral. The crystal structure of the iodide is 
composed of layers of fully comer linked Hgl^ tetrahedral. 
In the vapour state mercuric chloride, bromide and iodide 
consist of linear molecules. The bond lengths obtained by 
electron diffraction have been tabulated in Table XZ* 
TASiai n 
Hg~L bond lengths (in ^A) in the vapour phase by 
electron diffraction spectroscopy. 
Hg - CI Mercuric chloride 2.20, 2.34, 2.27 
Rg o Br Mercuric bromide 2.40, 2.44 
Hg -> I Mercuric iodide 2.35, 2.60 
8 9 S 8 : 
lA C4 
m « 
e 
^ ^ 8 o 
1 1 g t 1 S » M CV • A • • 
CM t Cvt Ift •• I • 
• • tf% 
£ R I 
Ml i j 
H 
HI M 
i 
a 
s 
S m 
s A) 
1 «« 
i 
1 
I? 
C 
I 
8 ^ 
s\ 
O O lA O ^ ^ 
^ ^ ? ^ ct 
^ JD r ^ ^ ri flo w 
• * 3) ^ 
UN * * 
10 lf\ 
« • H H 
r M i mT M M fl 
< <1 <! 0 
e» 
^ o 
US 
5 
« 
¥\ I ^ 
t 
x ft 4 
n t •* 
s 
i 0 
iZ 
i 
i s 
e 
ca-
i 
m m 
I a 
8 
* 
•I 
I I 
JN 
m 
I? 
I a 
« O 
* 
« 
S W * I in 
o 
•I 
JS » ftl 
I " 11 
I 1 
Tb« •xi«t«nct of nixed halld«« of morourjr i& tho 
•olid stato v«r« roportad by fiaatogi and eovorkara^^. 
Th9f had prepared thaaa conpoiinda by tha intaraotion of 
halogan Tapoura on aolid Barcuroua haXidaa, Zn the 
courea of our invaatigation, tha aolid atata raaction bat-
vaan Agl and HgClBr wa found that prafarably a battar 
aathod of praparation could ba followad whlt^ irould give a 
battar agreeoiant batvaan tha intarplener apaoing found 
froB diffraction* Henca wa prepared i t by heating 
an equimolar «iztura of mercury chloride and aercwry bro> 
mide at 60®C for 2 daya. fhia proved to be more effective 
and improved the agreamenta. The lattice parfUBetera of 
mercury mixed halidea aa given by Raetogi and coworker a 
are 
Compound Cryatal type a(?) b(X) c(S) Z 
BgBrX Ortho 7.26 14.60 4.60 4 
HgFBr Ortho i6»56 8.06 12 
Hgrz Ortho 13,03 6.28 5.49 6 
HgClBr Ortho 11.24 7.45 15.42 12 
Evidence for the exiatence of mixed halidea of mer-
cury in the liquid atate (in MeOH) vere obtained by Raman 
21-24 
apectra In the molten atate thia evidence vaa ob-
tained by Zangen^ .^ In tha gaaeoua atata Muller^® obtained 
th» disorvt* absorption band atraoturo. 
fho fomation and eryataX atruotura of HgBrZ ara 
both raportad by Raatogi at 7ho fonaatioa of BgBrX 
had aarliar baan raportad bf OppanhaiJi*a vathod. HgClZ la 
fornad in TajPioua eonditlona la alao notad* 
Survay of tha Xitaratura raraala that theaa mixad 
halidaa of mwevof hara baan atndiad to mom aztant. Phyai-
oal propartlaa of thaaa aixad halidaa of laarouxy hara bean 
atudlad by Tarloua authora. MaXtaew at al* hava studied 
tha foroa constant In the binding by Z.R« epactral obsar-
iratlons» Tha bond bond interaction has bean studied by 
Ducheana and Brunella^^. Savav«l authora hara worked out 
tha atruotura of nixed halidaa and have calculated the bond 
energlea'®-'^ 
fhe heat a of fomatlon of «ixad halidaa of narcury 
are gi^en belovt 
Coapound Heat of foraatlon 
(eal/aola) 
H«r2 69.50 
H^rg 40,50 
UgltGl 62.00 
HiSrar 55,00 
Hl^ ri 47.00 
BfClBr 46.00 
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CoapounA 0f fomatlon 
(e^X/moU) 
HfOH 40.00 
Hi^rl 35.00 
Only eopp«r in tlie + i 8t»t« among th« f i rs t rov 
transition •iManta trisiova tha typieal eXaaa bafaATiour for 
tha Iialida ion aff inity in tha aa%uanea y ^ ^ O l " ^ Br" / I " 
« « «4 
in aquaona solution*''^. Sinea tha l>aginning of tha oantury'^ 
thair eomplaz formation haa indaad haan at^iaft. Only 
ooppartX) flttorida ia not lEnoiin» otharwiaa aXl other aono* 
halidaa of eoppar ara knonn. 
Coppar(X} fXuoriAa ia tharftodynamioally matahla^^. 
Aoeording to Vartanbarg^^ Oof^ aiasooiataa at highar tampa-
rat lira into eoppar(X} fXnorida and fXuorina gaa. 
CuP ia vhita having rutiia oryctai etmotura. Cup-
roua ehlorida ezyatala ara ouhio and vhita in oolonr. 
Vyekoff and Poanjak^^ fotcud eorraapondanea irith tha douhXa 
oantarad ouhio lattioa of sino hianda. Similar atraetttraa 
hara haan raportad for oaproua hroaida and euproua iodida* 
Cttprona iodida ahova 300®C haa a diaordarad distribution 
of On^  iona. Abora 400^0 ouproua iodida balonga to tha 
haacagonal ayataa. ¥ha euproua haiidaa aiiat almost antiraly 
aa dimar^®. 
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Thm addition of hmlido ion* groutI7 incroasos tho 
•oliabilitioa of tho cuprous halidoa duo to tho fomotion 
of haXocupratoC I ) aniona^^"^' of tho tjrpo CttXj and OuX .^ 
Vith tho oxooption of fluorino a l l halogona fors 
ooaplozoa containing 2, 3 or 4 atoaa. Rosy and tevoa .44 
found that of tho covplox ehloridoa known. 
•2 -3 
CuCl, 
CuCl^  and CuCl^  aro roughly in tho ratio lOtSil in 
a particular roaotion. Coaploxoa auoh aa and 
potaeaiuii dichlorooupratoCl), EOuCl^  hoon proparod. 
7ho diiodoouprato ion ia loaa atablo than tho chloro 
and hrovo ooBplozoa. 
LCUI2 jcul. n-2 
CuBr-
and Cul. 
CuBr^  -2 r CuBr. -3 
aro knoirn* Many ooppor(I) 
halido ammonia oonploxoa haTo hoon proparod by the roaotion 
of Ou»X with HH .^ CuBr.BH ,^ CuBr.2HH *^ CuBr.^H^ aro fomod 
whon difforont proportions of CuBr and SR^  turo takra. 
Oaughaan and Taylor roportod tho f irst X-ray struc-
tural dotorelnation of CuCl^  ~ ooaploz ion. Ho synthosisod 
CuClg roaotion of CuOl tho coaploi; B • S - p • 0 
H 
and hydroohlorido of 2-(diphonyl phosphino)othyldimethyl-
aaino (B-PS) for tho atruotural studios. On tho othor hand 
tho ooapound Cu(IQl^ )^  OUZ2 contains a distorted totrahodral 
arrangoBont of iodino atoa about tho coppor(X) ato> 46 
47 Rooontly, Ahrland and Zogosson ' havo roportod halo-
• M v l m s vt siudi m9 
Oi^ oyAiAfttion awiter of tue, tlo i^t* itsia tmar for eo* 
•lOoAt %oii4llnf luA oight for ionlo ^oadi&t wro Inoifa 1A fPM 
soloottloo or ooi^ Xox ioao* 0«rlla o% lic»o oloiaoA to 
l»ro proporoi oo^plox of wmtrnxf Iml it io aot baekot tqr 
•rimoturo Aotoniaalloa* KomIot^ ^ hMf pf«poooA a coaaral 
fontnla for tho oaloaXatloa of thoraoisraoalo proportioo of 
ooiifloxoa of aoro«rr(XS) • 
IxoopI ^^^^ MTourio ImXidoo aro aot 4i«oo* 
oiatod la atttootui aoAia* Za oxoooa of a3.leali halidoo vlaHo 
opooioo aro foraoA. Za oxoooa of aoreaxlo aaXta tbo ipa -^
riafl jr aoaiidilo RitZg aolaltlo. from oortoia Eaaaa 
.50 opootroaoopio otuAioa^t tho proooaoo of 
Mi< htm Hooa ooafirao«. 
Bifforoi* iaroalifatioaa roportoA la tSio Xltorataro 
gtfo aa oTlionoo for tho oxlatoaoo of aoromyClxy lialKo 
ooapXoaoa'^*'^* fko foraatloa of [icX]**'»[i^ " anA 
ooaploxoa tea Iwoa ooafiimoA IST o«atf. aoaauroaonta ia 
Allirto aolwlloaa. f m Bok^' «lwvo« thai «ro pro^ 
AlalorloA totroMroa vltli HfZ telag o^iial to 2*80 1 
Spoolroaooplo otaAioa alMv tluit tlio oon^ Xox ioa 
[ifX^]*^ ia a roialor totralwiroa'*'" ia aolalloa. 
d9 
hMB 0lM«i Igr Jmrtqr —mttmeiMg ifttft W i ^ p w i m t ^ i ^ 
•tmttttrta 4«t«niliittll«i(i •f M ^ l m s 
»rift« lisr* not Wm •f niiorif * wstvi^ «iil aitlitiiih pyrlAUiiwi 
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pwhmfim OF mtiRiAia 
r r 
nwmaef w»» pFtfioptA g^r HtmtlAg m 
•qviavXsr aixlttr* af Mvwiri* mA- mwvaelm l^radit 
«i for 2 A vhit« p«ijr«9y«t«xuii« )Mi«ri«l ««• 
o^minU, flil« wmm •ImiitA lir «lfl»««tida utiaf 81 
mdifttloa «a6 a «««attr» fh« • l i t t m A 
A •pAflinct dOttlA iM i a i M ^ t on of an artliaii^ btmiMa 
aalt aaU vltH XaUiea aaaatanta a • tt.924 t, - 6*i70t t 
aai a » 10.041 h 
Capitma liyoalit 
Qiifmim bvoalAa vaa firajpavaA %lMi »atlwi af 2»aaa 
aaA Vtiataaai^ ^* 20 faa af aappAir aaX l^utta anA d 91a af 
aaAim ar pataaaiim ^raalAa vara AiaaalvaA ia ?00 of 
AialinaA walar* SOj < M V M yaasai ttoyaagk tMa aoXutiaa 
aatll aliita axyataXa af oaBr aai^avatti* fliaaa vaf« ft l* 
tafaAy vatliai vitli aalplrayatta aaiA aaA Af&aA ia a vaaam 
Aaalaaalav arav m * Xta A ^ « a a aoA lnHaaai^laii aarvaa* 
paaA van ta t^al 
U Xi«Mi» B« ana VliKtMii^f V* jrotuii* CliM* SAO.* 7?f 
148 (1898). 
2* A m yowAcr 4 i f f r«c t iOA f i U 6^292* 
5 7 
WmmifSkfKM Of COIIHn2li»8 ZS 80I.XI> BfkfB WUQftmB 
80 
Umt,%lf±9m%u» •f In 9olU SdlU 
X^wf Aiffntetion mtlteA •iq^leytA f w «ti« 
f l « « l i o a 9t yfoAuota 1& %hm sollA rtmetio&s hvtvmn 
lo4ia« woA mmrwoff aaA l»«tv««ii eupi^us 
liftmlA* «bA ••roune iodide is iMstd tipos the faet that th« 
Aiffmetlon patttro to « eovptunA la aluuracrtaria-
tia at Ita iatanal atnietura* Maiiilr tliara ara two sethoAa 
af iAwoitlfiaation ua«4 iritfaly* fliaa« ara the B«aavalt*a 
•atliad and tha FiAk*a aathoA. Haaciralt*a aathaA ia nox^ 
aeanxwta and ia gtaavally uatd itt praatiaa. Haiiavalt*a 
•athod ia autXined btXovt 
Hftfeffl 9t linHUp^Um 
A pavdav pbatagrapb eonaiata af aarai^I ringa of 
diffavant latanaity, fha diaaatar af aaeh ring ia a vaaaiiTa 
af tha apaaiof *d* af tha planaa ciTint r iw ta i t . 7ha 
iatagmtod iataaaity af aaah n&c ia ^ tha relatioa 
I . T , « < • ^ , 2 -
I - 11 J ^ a f j j ^ T 
m « aim*^ aaaO 
vhara Z^ • iataaaitjr of tha iaaidaat baaa 
p • plama avaihax' faator 
m « a^aarptiaa faatar 
A» • • aharga oiid MM af tha olaatraB 
a • TaXaeity af light 
S • radlm* of til* oyllniileal e«a«ym 
8 « «agX« 
'hkl " fMtor of tho pltno (hid) 
T •• ToXuBo inrsdlfttoA 
takoc iato «o«o«ait tho nftturo of tho fttoao as 
vol! as thoir phaoo relotioasliipo arlolag out of thoir pool* 
tiono i f t opftoo, flmo tho TOXUOO of onfl tho oorroopoiiA* 
lAg X*o togothor fora a eoahiaatioa whioh lo ohavaotoriotio 
of tho oxyatalUno oolid aadi aajr ho uaoA aa a *flii«or print** 
ia tho l;Aontifloatloa of tho orsrotaXXiao ooXid* 
OMotial^y tho aotuaX aothoft of idoatifloatioa of 
oMipoaaAa hjr tho X-ray aothod ooaoiota of throo alopai 
1* CoXXootloa of A TaXaoo of tho ozpoetoA ooapoum&a tofothov 
vith tholr roapootlTo iatonaitioa* 
2. fakiat a photograph or a dlffraotograa of tho alztioro to 
ho iioatlfioA, Froa thio tho opaoing ao voXX aa iatoa^ 
oltloo of •arioma pXaaoa aro dotomiaoa. 
Matohiac tho apaoiBga aad Intoaoltloa duo to variouo 
pXaaoa of tho uakaoim alxturo ooaponoato aiaiaot tho 
oorroopo&aiac TaXaoa of irariotto ooapoanla aatiX a oonp* 
Xoto f it io ohtaiao«. 
Vhoa thio aixturo ooaalata of tiro or aoro ooapoimia« 
GO 
it* 4iffi«««ioa in •f M^cvf^idLtl^ii «f tlM 
«iffrfte«iom yattms of alX ••ft«%llu«&t •m^wiAw* fli» 
9r««tM df i4«iitifi«fttiott maAMng neaiuMl and 
fiaiinf f it tor %h9 MM aftvr laotlitr, 
2 
Wor tli« purpoM of amtolii&f Boasiralt Aotori^od % 
«o tM« flupoo vti^Bfost liDoa In tlio aiffrftotion psttom 
of tho unknofm vovo to bo XookoA up ond i^ ion m mtoh vao 
o1»toinodt tlio aiffxmetiott psttom of tliio ottbotaaoo to 
INI eonporod vith tho dlffmotioa pftttovn of tlio uokaovn 
•ixtttvo* Zf tbo notoh voro vicht aad if tlio unkooim oolio* 
toaoo ooneietod of only ono eoaponentf tilX tho Xinoo in tlio 
diffrootioii pottom wouM mitteli vith tho liaoo in tho un* 
knoim aistnro hoth no rogoMo opoeing and int«:i«it3r« It 
tho naknovn ouhotanoo voro m mltioonponont onot only ooao 
of tho iinoo of tho tiffrootiM pottoiu would sotoh* fho 
othor ooBponont oovXd bo idontifiod oljiiilorlj hf satohinf 
tho ttoxt thi^ otrottfoot liaoo with linoo in tho diffrootiMi 
pnttom oad if • f it iimo ohtninod tho ronoining linoo oonlA 
oloo ho Mtohod. 
««>»»«*1> «««rth »>—« « ) » « ( a i ann l t ' i Batkot) 
B 
»f — • f •rrnrm uni g y im»ion» 
Als«iui«ioii Is •p«eiflo to 
of rooovdi&f X-rajr Alffnuifloa tlio «rpBMiit» lioM for 
diffrootOMitor toeiinlquoo wlm* 
fho QfOtoBfttie oiToro for photegrapMe notlioA ia« 
"tolToA in Mmourliig tlio d valuo* by tHo I^rfti* Atthod lurro 
boon i&vo«ii«fttod mt Xoagtli IQT ra^iouo «allior«» tlm orrors 
Holod ftros 
tllai ihniikft«« 
2, Booontrloitjr of tho mupXo 
Absolut ioa* 
rttrinktigot fht Braes anglo ie giTon by roXa* 
tloiitM.p 0 • vlioro X tho dlosotor of tho dlffrftofioa 
rlASf R i « tko rodiiio of tho ojlindneiO. f i la and 9r is tho 
Brsfg aiiglo* X em bo Boaourod T0f7 aoetiratolj vitli tho 
hoXp of a atool ooalo and a pair of aprinf diTidora* R oan 
bo Moaourod bjr talciuff tho powdor diffraotioa pluitograpli of 
a otaadard aabataneo wlioao opaoinco aad tlMroforo tbo Iragf 
attfloa aro kaoim to a fair dogroo of aoouraor* duo to 
doToXopiaf and ooaooqaoat drjlag of a fila* it aagr ahrink 
fiTinc a Taltto of & «ld.eli io OMllor tlian tho truo vaXtto* 
fko MtlMd of dotominiac e aooaratoXjr io that ciToa bj 
BraftXoy and ^agr'. fho aothod ooaoiats of Xottioi tho 
ohadova of two kaifo odfoa fal l oa tho filji uood ia rooord* 
OB 
iBf til* <lffrMtioA fatt«m. fli«M knit* ar* fixtA 
in potition Mxd th» tmglm •ti'bt«iid«i tej at tli« o«»tm 
of eylladrioal filai lidlAtr Is aoetiim%«ly kaoim. If 
th« l)«tv««& th9 ilMiiAoirs of tho tve Imifo oA<o« 
oaft tlio taxgX9 oorroopondiAf to tlilo« tho anglo oorrot* 
poadifif to tlio AiuMitor X of tho aiffraotlon rSMg 
®k 
(2) Hocontflolty of tlio —aplot In dotonsiiiiag tlio vaXats 
of tho Bragg sogio Q it 1« «o«iniod that tlio aaAplo ia hold 
Jttat at tho ooatro of tho oyliiiArioaX filii IiolAair. But 
tbia aay aot alifajra 908ai1>X0 and tha asnspXa aay ba 
ahiftad a Mt fvoa tho eaatra* If p ia tha diata^oa of tha 
aaai^ la ffom tha eantra of tha f i la and # tha a&gla hatvaam 
thla diraatioa and tha dlraatioa af tha iaeidaat haaai» 
BradXay and ahovad that tha avrov datamiaing tha aagla 
9 ia giTM hr 
^^ aaa^ aimf 
i i 
rroa tha faadaiMntal Bragg ralatloaahip 
2dalae » m ?\ 
va hara, taking'> to ha eoaataat 
i « « t0 h^ •iftO b€ » 0 
or tote (bo 
Thtt* for Xov «»«Xo Mftttorinc tho orror im ooMparatl^ roly 
noro* 
(9) Abopyptlon orrori t% wtm MMing* who firttt of « U eom* 
•lAoroa tho goaoral offoot of higli afeoorption la o oirctal 
upon i t » ftpporottt lottleo oonotaot* oo laforrod froR tho 
pooltlon of a vofloetion, s^oowiiae ft parallol of 
tb» ful l WMiplo of • aoaftboortiias evjrfitia powdor will d i f f » 
raot raAlation in all dii*oetlooi» Xf» hovovor, ttio orystal 
i « hi^ily mhmrhiMtg, tlioa oaly roflootloao froa tho ourfaeo 
ooa foni eottploto path* naA all rofloetioa pateha iairolTia« 
•oao traToraiac of tlio of!rctal aupprooaoi. 
la goaoral, it will raaalt In tlia proiaotloa of a 
liao of •asTiag latoaaitjr, t^o blaokaooa dlalniohinc trmk 
tlM outov odgo of tho Uaa tovarAa tho iaatr odgo. Siaeo 
tlio Aiotaaoo ^otvooa tho aioaotrioallj oppoolto darkoat 
patlia of a dlffraotioa ring la aoaavuroA, a oomotioa la 
aoooaoary for tho truo oralaatlOA of tho opaelaga* Bradloy 
aad foiiaA tho orror S 4 la tha apaelag A duo to ahao?P* 
tioa glToa hy 
n'x n-) 
S i rooa^O 
20 
1 1 
T ^ X x 
«IMII« is til* di^tftae* of th« from tb« aatioAtlioit. 
fhlm t«k«« ftoaoimt of tho dlTorgoaeo of tho 
Coapoyjoon of Ptffyoctoaotyio oiUt Co—y foolmiftttoo 
For tlio ovolvAttoii of A op«olj;igo of a oosipoiisA tho 
emmwm nothod lo iMkttov tHon tho «lffy«otosotHo aothoA oo 
io ovidoat f^tt tho foUovifif ooaj^ oriooAt 
1« Xa Aiffnictosoto^ toehni^ uo a dotootor lo uood whioli 
ooano oooh profilo ono ofto:r tho othoVy i^oroao vlth tho 
f i la eoBoro oil diffroetion Xtnoo oro voeox^ od oiattX«> 
tauoouolar. Thno ToXtogo fluotuotioBO vi l l offoet oXl tho 
pooko o<iually in tho ooaoro aothod hut uno^oAlXr In tho 
dlffraotomotor Kothod. Thao tho intonolty vllX hooomo 
fulto oaroliohXo in tho diffipootoaotilo vort* 
loth tho aothodo produoo o amoooro«oat of tho oagulftr 
yooition of oooh 900k, tho »yefiXo of tho diffraotod hoaa 
io ohtoittod dirootlar vith tho dlffraotoaotor asid in* 
dirootXr In tho ooMora aothod. 
3. la tho diffraotoBotor wort, sfood io ooatroilod hjr aotoro 
vhioh aro aam aodo aod hoaoo do aot ^wv hoadrod por ooat 
offieioBoy* 
4* Yho Bvoig tho rolatioa 9 • ^ t vhoro X 
is <lwMt»r %f th« Aiffrm«tieft t%m§ aot It ! • 
eMMVft Za tlil* th9 aro clrimUv for 
Mi^lM »oua%«a en a «• in diffr»etomt«r v9vk it 
i « a»t •ir«ia«r %«t »Iniwr. 
5. la th« «iffrMtoBot«r work oa« oaaaat liaoa ia tlM 
baek r«fl«etion rtgiea. 2a tk« oaMra all linaa 
Ijriaff ia 560^  riac* aaa raoovAtA* fhttB tha aiuibar of 
liaoa roeovflod ia tho plioto«x«pliio aotM aro aoro tliaa 
tho ehart rooorAiat* 
6* Toxy aaall volmo of tho apooiaon ia rog^ix^ in tiio 
pbatogipaplkie aotkoA. Xa %hm chart roooYdiag aot ao aaall 
a Tolaao ia roquiroA. 
7« 7110 roaolTinf povor of tho diffraotoaotor ia aaporior 
tkaa tho Soliyo Bokorror oaaora. OkAor fooA alignaoat 
ooaAitioaa tko CuE^ oaA CaX"^  foaka oaa bo roaolirot on 
a Aiffraotogros at Taluoa of 29 ia tko rogioa 30 to 
kat it is fmrf raro for thooo yoaka to ko roool^ oA kolov 
20 • 90* oa a Dokyo Sokomr fi la. 
0. toaaitivity . Tko aoiatiUatioa ooaator aooA oa tko 
iiffraotoaotor io aoro aoaaitiTo to X-ngr tuaata tkaa 
tko pkoto«rapkie f i la. Yko ooaaitiTity raofo of tko 
oouator for liaoor ooaatiac rata io Tory lorco* goinf 
froa typical kaek<ro«uiA lorol of 1 ooaat/ooo to valiioa 
of tko orAor of 10^  ooaata/aoo 
StoM hj pvp9iT MttiBc Of «ev&t«r» itttm-
of liotli voolc mxA lAtonoo Xi&oo tftn bo mwotiYod 
iroxgr Moily. for tho phetofn^kiio f i l » to bo oxpoood 
tO^ to fo ' X-rogr 4««ato «ro vofuiroA bofovo a Uno eon 
bo diotingulttlioa* flio aiffr«etoHotor motlioA le onbjoot 
to orroro oriolag fro« pooolbl^ Toriotio&o In tlw 
olty «f X*x«gr oonroo oir in tlio o£fiei«ie|' of tho oomtor 
tubo attxl&g tlio oxporiBont* fluioo onroro e«a bo mlniaisoA 
bjr ttoing otobillsod oirottltTar for tbo X-rogr tabo miA 
dotootor, AXthottfii oIX aiffrootioft Xlnoo oro roooviofl 
olBttltoaoouol^ oil ft fi lB tbo intonoity of oooh Xlno liMi 
to bo aioftoixrod ooporotoly wltb a nlovophotoMtort ^ ^^t 
mimtlmr prooautiono Miiot bo talcoa to avoid drift ia iaton* 
oity of tbo HiffsM ooaroo. 
Solid otato roaetioaa duo to oiatoriaf aro of iaaoaoo 
iatoroot booauoo of tho inTolTOMat of tho prooooa of our-* 
faoo to To^ joao diffaoloa* fbo otudy of tlioio oolid otato 
roaotioao vaa aodo in tho liopo of fottiag aov aiiMd baXido 
ooapXoxoa oad tbo foniation of prodaoto iriiioli aro oolid 
olootrolytoo. 
fbo atttdj of oolid oolid roaotioao i^oro mow tbaa 
oao product ia fomod ia uouaUy qaito ooaplox* Hoaoo tbo 
iAToatigatioao aro aoually liaitod to oaaoo wboro only oao 
ooapoiiad io foraod or a gao io o-rolTod* 
P' Q 
tim r««ati<»ii«» iiftMly* 
biftv««& loAlA* MA mrtttvr «iaof«tiroai4« moA biftvMii 
limwdAm ftaA B#rearie iodid«« M h th«M 
thm out solitf Ag^ BcX^  sad Oii^gX^ 
ftlong vitli otlMr toaptmids fomtd in %li« y^tptetlr* 
9ilir«r i^ id* ! • 9t ititm«t in «M« 
b«ttaii«« of pzoQoii*** of oilTor lono to oooupy ifitor«» 
titifd poslHiono rfttfeor than fom Tftoonoi' palro. 
of tlilo rokotiott l^ otirooa oilTor lodido aad aovoufy 
o^robvosldo vfto tokon for i^iydj, fh« prodaeto m 
ACs^X^'t A«(0I« By)^, auPvx'' «id SgX^^ * ^ 
aro foraod IA tho lattor roaotion* It is to bo aotod that 
Agt ia liozagoaal aad BgClBr oFtliorheabio wMlo tho producrt 
A«2BgX4 totvacoaal and Af(Cly Br) la QIIM.O» mora ia a 
ramrkablo eonpaapondaaoa batwooa tha isiit eall diaaaaioiia 
of tHa raaotaata and prodiiota* 
AfgSfZ^ Has a vatj alaatrioai aondttotivity^^ 
aad ia aaally fornad in both aoXntloa and aolid atataa* 
yamatiott and aadataAOo of tho aiiMd halidaa of ttaraiurjr ia 
tho aolid atato ia a raoaat ftadiac^^ althoui^ ooaaidorahlo 
Utoraturo haa hooa ptthUahod^^*^^ om atudioa in aoXmtioa* 
OHjliiZ^ '^^  ia aXao kaowi to ho fomod In tho aoXid atato 
ainoo lone* 
n 
• ) 
•IxtA in th« MlftT prvp^rlloat of 4t1» 5i1» 2tl» Ii1 msM 1i2 
rvsptdtlTtly ftoA on* of •«eli Biztiir« mta atdatftiikcA m% 
30^ C moA th« « t 79^0 taek* for tlio ottpvoao broalio 
MVeurle ioAlAt voootioA, oapvouo bvemli* Mvoiurio 
ioAia* i rm »lx«4 ia aolar proportion* of 2i5 oai t i t * 
roopootlToly* Oao part of ooeh iiixturo vao saint oiaoA at 
30®0 una tho othor ot I20®C. 
7ho produoto of tliooo roaotion sixtixroo naintninoA at 
thOM toBporaturos voro anal^ faoft aiffraotion 
niquo naing Ou]t(?C radiation and oountor diffraetonotor. 
fho diffraotofraaa woro eorrootod for aboorption offoota and 
inatriUB«EitaI faotora. 
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i f f W f i f f w t i f f m t f M f i Ifff W M r 
riMi %M%%1.99 MiuilAat* «r HgOlBr iMii ^ t n ^ 
l « i i « « i i « l alJ*^  flM li» l ihMMtlint* H id 
w«y« fh»f IMA «g03Mjt tgr jpftmilaf 
^vwilii* intpmur •vtr foXia tliloyiAt* V« aA^ptaA 
•aotlwv Vigr t f yvwpafinf BigOlAr Itt diapt^r 9* 
7«r « girw of A^ j^ p tiM aioplvA 
txlM*! lAttlM »» e i » Ml 
lifti wBJbmw « f KMlogi otltdm 
tli« imXiMS af m, h aoA Ttmm tarn m «* I0*04* h » 
t.97 « •» to oUtftia « of ool^ 
ottlMloA 4 voXuoo thfoim^ « fvopor ohoioo of ChU) vaSmoo 
iMP&Aff tiM oiq^osiott ir»U4 for orllioi^ hOBbio otraolttyo. 
( I ) 
m2 Jt ^2 
• tkioo • » • 
ffBimg tlio (kid.) fo«Bt oo ia«io«toA okoro* tHo laitioo ooao-
toato m, h oitA o voro •wrloi to OMOIA tlio voluoo tliot gir» 
tho loaol ifkioH io ioflao« iNiIovt 
XlAiaiootlOtt of ^ ' voo iOAO with tho kolf of OIW oooMan 
fOkofo NZiVXff* fk9 aow a« % aai o aro tlioa wioA to flaA a 
a«v Mt (lit kf MK* ttt ^ • afaSm ^tiritA 
f sinii i lM tk* m « 9999Hwf la n u tlMi 
'nlmM fti ^ w t • Micfvyit* 
fliit iau»i«t 9t laiKlftl % M i • It aot vafy^ 
taat mA alaoat «IIAR •«% •«» INI alioMa* Sowmrf aXtMr 
tli« mil %li« «»rr«et "VftXiMa tlui fMt«sf th« 
ftiiM mai m tli* mlma^tim i « aora fo 
l i « f « mw9 wmfi««ae« itt t1i« ir«lii«« at « » % aai • 
f«9«KlaA e a l M l s l i o a M h M w « i io i« t« a f i a i t l a l 
m, % moA • ttlM. flui f lot l i^mat is alaoit •oit9l«l«2ir 
of iaitlia fli* f i t rtOmm of 
a, % ani # ( i s Aacafyoa uoita) tinia aUtainaA aafl tlit ^ 
for* fallmit 
a • 1U924; k » « « I0*04$| • 0.00014. 
flM aaievlataft aaA tscyafiaaataX vaXuaa tf A aXang viHi tka 
(kki) ava givaa ia faUa I f l « flMi aaXaalatidaa vaya va* 
9aaia« laariag a«l «IMI vaak Uaaa aavliai vitli aa aatarix 
(fakia m ) . fkaa ana f f l a ( ia iumt^wm aaita) a « I I . f U , 
% • «.C7lt» a - lO.OfI vitli «ka ")( ' • O.OOOlf. Xt ia ta 
W aatat tMd %1m aoaalaata % aaA a ata aara ar iaaa 
tlia aaMa aa ^afoia* 
tmsMi 
SI* likl. 
1. 10.030 10.04« 001 •?« 
«.670 010 MS 
3. 9.9«2 200 
4, 5.021 9.023 002 v» 
4.631 4.629 102 M8 
€* 4.430 4.491 210 W8 
T. 4.0S3 4.0i9 211 W » 
0. 4.007 4.012 012 
9* 3.940 5.979 300 us 
to. 3.343 3.349 003 
11. 3.332 3.339 020 •78 
3.321 3.329 212 Y8 
13. 3.170 3.169 021 ts 
t4. 2.990 2.993 013 W8 
I f . 2.909 2.901 400 ?8 
2.777 2.770 022 trs 
2.100 2.679 213 KS 
tt. 2.900 2.911 004 fS 
I f . 2.3(4 2.363 023 8 
20. 2.309 2.306 114 8 
21. 2.232 2.227 403 in 
22. 2.1i1 2.194 902 T8 
•MitiaiMi ••• 
I'A 
mOML- •M*t »M« . . . 
u.* 
I t . W 
2.19S 2 . m 223 8 
2.oe3 2.083 230 •8 
2.036 2.035 231 f?8 
U. %*m 800 
27. f.f22 1.93 404 8 
t.a9f 1.899 115 118 
1.«30 1.83© 133 If 
30. f.rra 1.78! 812 m 
t.tft 1.75$ 431 ir» 
32. 1.720 1.721 02$ yn 
33. i . m 1.<83 821 118 
34. n<to 1.6f8 040 X8 
3f. 1*<02 1.603 234 
3i* 1.3«3 1.583 042 ir» 
37. t.f27 1.538 242 
3t. n4to 1.488 135 
39. 1.453 1.452 72t 
40. 1.353 1.353 244 
1 5 "1 i 
%m%9 vftt ^ tskiai iA%9 ••••vol tlM ioptvlMatal 
A ' ^ ^ ^ mMiftaMHmt t f a irftX«*«* A 
•Mtdatft M 
Siii«« A • I^jgg tor BFfici«« ••mttorini 
•f of wmm Xoaglli « 
/^^m ^ 0o«e A » 
2a ovior to oMoIji tlM» mooitatAtjr 0 ia 
mm»awm»n% of oiiiio 0 «t tbo ofeoiiAMrt yolotioft 0- <• 
8 io tlio AiOtOttOt %«tVOOA tlHI tHO OOff^O^OA* 
iiic we>m on tHo opvooA ovi ^Umlmf tSM wii a io flto roAliw 
of ovo onlitoiiioi St tbo mmpl* iMiik im m% tho ooati^ o. 
Tlnw ^ * * ^ ^ Mlmo 1 io oUtaiaoA ^ 
••aioslotiac tlio mrofo of % iorgo nwi^ oif of vooAliifO* oao 
woiOA oi^ot tlio oYfov im Ito mttamtmrnt to 1m MiH —olioy 
tlUA tlio oorrof^oaAiof owoir ia tiM aoMwrosoftt of 8» i*o« 
A t ^ A8* loaoo «o toko flmo fiaolly «o iMvo 
AfOfyinc tlio oija 
flMMfer* -
t t 
1 ' . ' 
A w w ^ ••ft»ttr« vf A 8 Mr lNi tt^ km «li« «rif«)i« vlitli 
•f tlMi litm* ly TiPMO. « • Iuky« 
t «kM to W 0«29 Mi» flM Tftlii* of S fo r ettr i t 
9T«07<4 M ani • t «942 tf malaf tlui tflNnro vsliMt ttJU 
A i for oseli girm sosMaPoA ToXtto' #f A* 
ir«lisf tlMioo naoorialat&oo i « t dofiJio tHo 
9 
IPI 
viii^ mvmXlf wpiort i in ooiotttifio Sitofwtoro for 
nntm fii^ta* 
tf&o ilMilo ^roootfuro for oMiolitiiie Isltiot ooii»» 
'to&to % wad « vao Hkm ropomtoi motjoft tbo % 
IHm Iftttloo ooaotfu&to ( la Aafirtroa iuii%«) aaA ^  ^ oMidiioi 
•TO f ivoft %oXovt 
ft « % - « • I0^044i ^ ^ • f o . m 
WM o«lo«loto4 0114 oiiyorlatftlol, i voXnoo ftloaff (lUdl) 
oro iivoa itt fftUo m u flMi »or »o&at of 0.»9 
lAiiootoo tlM fooinooo of TLLTO fit* M o INHPJR lov ipolito of 
^ ^ oai ^ ooftololoftogr ^ f i t IOMI oupfoH to tlM 
0rtk0flM«%i0 olraotaro of tlio oyyoloX* 
1:1 
mau 
u* A i llkl 
U lo.esoo 10.0440 0.143050 001 w s 
€.4<94 0.042781 010 118 
5. S*9i00 5.9«79 0.050142 200 » 
4« 5.0210 5.0210 0.035381 002 W 
4.6910 4.6200 0.030054 102 118 
i . 4.4500 4.44T4 0.027499 210 •re 
tt 4.01(30 4.060 0.023020 211 f?S 
4.00TO 4.011t 0.022578 012 t t 
3.97Ci 0.021421 300 m 
10. 5.3450 3.94T9 0.015443 003 w 
11. 3.3520 5.354t 0.015340 020 ws 
3.5210 3.3294 0.015254 212 t$ 
9.1T00 3.i<4a 0.013844 021 •8 
U . 2,9900 2.9921 0.012334 013 W8 
2.9850 2.9040 0.012225 400 f f t 
2.tTT0 2.7700 0.010522 021 W8 
17. 2.M00 2.4747 0.0097497 215 MS 
It. 2.5000 2.5109 0.0005009 004 T8 
19. 2.5i40 2.342i 0.0075051 023 8 
20. 2.5090 2.305i 0.0071575 114 8 
21. 2.2520 2.2274 0.0044400 405 118 
••ttlim^i ... 
121 
t a a x m . w a t i a M t . . . 
M* 8 laa Xaita« 
n. 2.15i0 0.0081980 502 •8 
S.I980 2.1968 0.0084258 2 ^ 8 
2.0i50 2.0855 0.0057247 250 ? i 
25. 2.0500 2.0599 0.0054608 251 ?f8 
1.9895 0.0051794 600 V 
t.9220 1.9212 0.0048059 404 8 
1.8960 1.8W 0.0046844 115 118 
U8290 1.8501 0.0045084 153 y 
30* i.rrto 1.7822 0.0040458 612 m 
3t. 1.t5?0 1.7555 0.0059597 451 v 
1.7200 1.7207 0.0057559 025 V 
53. l.iOQO 1.1842 0.0056000 821 118 
54. 1.4875 0.0055088 040 118 
55. 1.<020 1.4055 0.0851951 254 •W 
5«. 1.5050 1.5824 0.0051084 042 V 
5T. 1.5270 1.5295 0*0028585 242 V 
3i. 1.4000 1.4789 8.0026555 155 w 
5f. 1.4550 1.4552 0.0025415 721 V 
40. 1.5550 1.5528 0.0021565 244 ¥ 
1 U i. 
V« not* tlMt tlM •) M fotwA br th« 
pr^ —tnarm vtm only t%rj sli^tXy AUfms* froa thm sett 
Morlivr* gi.'ww u« <»oiifld«&Q« Sa thk9 Mf% vliltth 
t «k« •• our fittftl i^Bttlt, 
For m glrmi MMNir«d d « I I Mts of (100.) 
»ott«b% that flT* th« ealealattd d vltbla th* 
BtAtal metrtftlAtj i A vm found that for oMh d wo 
got « olAfXo 00% of (likl) ao ihoiia in fabXo m z * Koro* 
OTor* thooo (WO) m tiM 0000 os rtMwa la m . Vhm 
photograph of BgCXBr is gliroa t>oXo«i 
- f 
.J 
I 
-I 0 JL , < . ) 
flit t f IgOllr • • MAWMft Iqr H V M i i » * 
a t f l M ii«iiiic CCI^  l i qmi eiil t 
to %• 9*50« i » ealcttXfttcA If iisiag tlM 
foymlA 
•9 - i t t X * » 0 f i w r t y u m t i o i i g • 
flUl« tXm to 
» l f i i l l g j i 
I . OvvttiWMi, WhiX, M^^t W (1927)* 
2* Sftonmlt, Biaii« tfti Xai* lafft C1M«», 
10, 45T (193»). 
9* Brttil«f Mii 8o«.» 44, 90 
4* Baiaiiift C«atr. llio*fttl $Jf 
9* ASTN 4iffVft«%i»a f i l * 4^44i» 4«0442* 
Asm Aifftftoliim f U « I4«299. 
7. A m ponfttr tfiffsmttion 29«4U* 
ASfll pova«r 4iff^«ti0!i film 2f»f197* 
ASfft poira«r aiffvftetion f i U 18«0490* 
IO9 KoiAif S« aai 8lMi»«t ^4* 517 
I f . R* 8» 1* ifiOff* iniol.* 0]iMi# 
3i(9), t950*3f (1917). 
(1991)• 
15. ll«r««»» ekMi 11, <10 «oA 811 (1997). 
» 
14* tyr^git f* f . tai l>«rii« S. An* Olimi. 8ot«, 
89, 4589 (19«1). 
19. Items, t . Mi IXiMty, Z,, flijrt. Qlimi*, 1681 
(1962). 
16, Z . , Vkfm. Omr, , 68, 2722 (1964). 
17« A, OHM, XoAo 38, 78 (1919). 
-f 0 " -L 'J'; 
I8« R* 1, anA Agrawslt 8* 
iaof«» and i i « « l . Ohralstiy, 97* <m9>« 
1 , , • ) 
m i m j 
BimM BfAf 8 m i S f X Q i 
AfZ^BiOUr 
^ n 
1 , . 3 
OlitBie*! rt»o«i»A« in mU * ha« nottewA 
la •iglitmtli Mmtttxy ,^ their wystMfttie i&T«0tif»-
ti«a« •laxted oxO^ ftl»9ut fifty bAok* Siao« thM aany 
••U4 0tftt« r«aetloas oeeurrioc vith or irltheiit tlit •reltt-
tion of « « « • tiAVf b m rtport««, Roforoaeoa to roaotloao 
lAim aoro thaa ono i>re4ttet io foiwoA mv gooorally qalto 
%ttt rwa.%^ ooao low toapoxmturo roaotiono botvooa 
oaprotto hali4oo oad ailTor iotiao vltli aomrar tiaXiaoa liavo 
btoa iavoatigatoA^*'*^. Soao lUaatvativo oxaapXoo aro 
glToa boXovt 
4CttI • BigOlg — — » CttgH^^ • 2Cn0l 
— ^ CVL^gt^ • CaSr 
4CiiI • HgBrj — SCuiBr 
4A§X • HfClg — Af jHgl^ • 2AgOX 
3kgl * HcBrX — ^ Af jRtl^ • 
4kgt * SiOk's — Af • SAglr 
8oli< otato voaetioaa aro Torjr auoli iaflaoaooA ^ tho 
folloviac faotorat 
Fartiolo aiao or ooataot aroa aai aabioat toaporaturo. 
rirtiflt §iH 9f TOliffI ITft 
Tho CaC0 -^8i02 roaetion vaa atuAloi Moatiortli, 
Oorioa anA Outlor' vith a Tioir to otuiy tlio rolo of partiolo 
> ! O 
9t th9 rsMtwitii on t!i« rat* •t tli* rwMtlen* fh« j 
o«iiA«i«t«t th* r*Mrti»a at tMiparaturas b«tv««xi 700-^ 50^0 
tttiliatat • tbcrsogrwrlMttrie taehniaa*. •xpartatnt 
VM eonAttotaA in a OOj ataoaphara aaft tha aaaaiuraA vali^t 
laaa vaa attrilmtad to tha aeetiurraiiea of tha raaetioxi. Xn 
thla raaotlOA thar took tvo dlffaraat partiola alaaa of 
^aairla aoA hvmg^t thaa Into aontaot irlth tvo 4iffarant 
partieXa alaaa of oaXoliui oaf^&ata. Kaob tiaa a aiffaraiat 
aurfaoa of oontaot vaa availahXa for tha raaotion. Thay 
ohaanrad that tha graatar tha aurfaoa of ooataot tha ttora 
anhanoafl vaa tha reaotion* la tha praaant work tha ooataat 
araa haa haaii ehaagatf hy ohangtBg tha proportion of tha 
raaotanta. fha aiapla axaspXa of eatalyaia aXao illuatrataa 
tha ahaarrad phanosanaa that tha aorfaoa araaa of tha raaa-
taata affaat tha raaatloA eonatant* In oatalftio raaetiona 
fiaaly crounA oataljat la aaatf i^ioh offara aora aurfaeaa 
an4 hMiaa aoealarataa tha raaatloa. 
Strain la a aaaaura of tha t lM InAapan^ lant dis-
plaaaaant of tha ataaa fraa thair Man paaltiona to aosa 
athar naarhjr poaltiana, Mnwgf la atorat In tha a*t«rlal 
4tta to atrain and aanaaa inatahilltjr in tha ato«lo arranga-
aant, Aa avary ayataa taoAa ta a alnlmai anargy of aan* 
figuration atrain aakaa tha ajrotaa prana to raaot* fha rola 
af atrain in ahaalaal raaationa haa haan Xargaly aYarlaokat 
^ O o 
.L , ( ) 
hf •«rXl«r vorlc«rs. All oospouad* hmw lattie* A«f«ett 
lllui diicloofttioas, crsln bou&aarita •te. fli«»t Tioh 
ar«ft« Mr« mox^  pron* to r«aet, em li« •ftsUar illti0tipmt«li, 
Vhm « ftw 4rop« of hjrtroelOorio »el« 9px*tidcl«A 
floAiiw oliloridct th« d«f*«it Tieht Dtx^&cd areas dwo-
Xop l»i»pi« thlm fihovft thai th««« ar« t&ora prom to roaot, 
f—p»yalmy» 
tha ifolo of twBpwmtmro Sa ebamioal roaotioaa eaamot 
l»a ovar«!Bpliaaisad. 2&er«as« in twiparattira prorldaa axtra 
anargy to tha raaetaata aM ana^lta thm to ovarooaa tlui 
Isarrlar of iataracrtion m& tliu« iaade to ts^ aBandOtta laeraaea 
in vaaot&on Toloelty aaA hvziea la rata oon^tanta. fba oiO^ 
toomi axoaption to tha gaaarali^ of tliia atatamaiat ie tha 
Taaotloa 2if0 • O2 i> SJOg. 
4n<li«niua flrat polnttft o«t that tha variation of 
rata oonotaato with taaporatur* em ha rapraaoatad hjp an 
•gtuatlon aiailar to that uoai for a(|uilihrit» oo&atanta, 
naaoly 
B. a 
whora k ia tha raaotloa rata eouataat* f tho ahaoluta tM>« 
paratura, R tha gaa oo&otaBt in aaloriaa and a ^tiaiititf 
eharaatoriotia of th« raaotioa with tha diaonaioa of aaargy. 
4 n 
I 
kneim th« •ncrgf of Aeti^ vrntion plagrt * r^rf 
iaportaat rol* In iiitai««l kinotles, Xa tiaplar toms 
AxThonitt* •qiaatioa ema t>« an 
km I 
vh«r« A i « « eoattant, 
Th* proMat mm uaAtrtalcoii vlth th* aljia moA 
o1»j«etiT«» a«Atioii«i In ChRptar ¥• hai a of « 
raaotloA fron orgitale eo»po«ii4« or bioehoaleal tu^ otnuaoos 
vo dioot inorgsnio 9h« roooou foir tlilo tiolxxf 
thftt orgimle sabftaneoo diosoeiato at conpaimtlTdly low toa-
poratura. Thiia AgX*BgClBr reaction iraa partieulerly ohoaaa 
t>ooa^a tha roaetion oeeiirt at roXatl'val^ irairjr Xov ttapara* 
ttirao. It takao plaeo ainpljr hf slxing tbo two ooapoao&ta 
at rooM taaparattira, f&toa ooapounda ara insoIvibXa ia vatar 
and do AOt daoeapoaa on haatliig. Bovavart AgX ia photoaaa* 
aitlTo littt if kopt wall protaotad in dai>lc ^ttloo o«n bo 
irotaiaad for long parioda of t iaa. RgOlSv t»olonga to tha 
aixad halida group and ia a rteant finding^. Xat^ of ita 
praportiaa ara uakaoiiA oad hoaea va tlioaglit it to !>• of 
iAtaroat to otudy ita intoraotiono vith Agl. 
Tha ai« af tho proao&t work ia to atudy tha raoult of 
aoUd atata roaotioa hotwoaa AgZ and BgCUr and iawaatigata 
tha produeta of roaotion» aoehaaiMi of roaotioa and tho rola 
131 
Of uibi«iit twiptratur*^ And m oerr«lAtioA 1i«tir««A 
•tndA, pftrtiei* or oontAOt area of th« proiuet* to tht 
rato of rooetion. ConiuetiTity moM tlionsal aoftsurosealo ajatf 
X-rosr Alffmotion aro tlio aaia toehaiquoa Msploaroi In tM* 
•tisdj^ * flio nala aopoef• of thooo toohnl^ uoo vhic^ hsro o^on 
fFoquontaiy ttooa In this vork tarn aioeuoood bolov in ohorl* 
yocliai<m»« for aoawirlng rato of yactiono 
Solid Stat* raaetiona aro oXov and i t i s a i f f i ea l t 
to analyst tho produet, fh« oatiaation of tha veaotloa eon-
eontratlon irith tiao la a t i l l soro a i f f ioa l t . BTA, Wk, 
raflootanea apaotroooopy, olaotrioal eonduotivity and aa -^* 
natia auoeaptlbility oto* ara uoad to atudy raaetlona In 
•ollda. With &7A taelmlquos thormal ohanges can t>a dataetai* 
78A aakoa u«o of tli« valght eha^ta aeooapanying a roaotlon. 
Eoflootaaeo opoetrotoopy ean bo uf^ od provldod the prodtioto 
7 
ara not eoaplotaly vhito or black. Bradloy and Qroono haira 
oaployod olootrlaal oondaotlTlty for tito roaetlono botvaon 
tha lodldaa of allTor, potaaolaa and rabidli» olnoa tka pro* 
dttot faraod (KiRb)^*^!^ aora oondnttlng tkan tbo raae-
tMita« Blailiirly atfaotio ottooaptibility atudy ean aloa ba 
ttoad proTidod tka aacaatla aaaaoptlbllitiaa of tha raaotanto 
and prodaato ara aldoly diffaraat* 
jCondttOtiTlty 
fha alaatrlaal aaadaotirity la aotalo lo to a larca 
A n ' -L J .. 
evpcadnt on. th* pr«»«iie« of f r « « •ltetroA« in th« 
Xn eoaAuetiirlty lift* got nogmtlTo graAlmt 
of t«B9orfttur«. In ooBleoziduotOFC eonduetiTlty is strongXjr 
on toaporaturo ond ineyoaooo vith rlao of tonpo* 
raturo. Xa aaaleonduotora aXaotrona ara dlatrlbutad la 
ralaaea baad aafi conduetioa Blaotrona la r^alanea band 
oaanot partiioipate lla eurraat f lov vhai^aa they are frea to 
do ao vhila ia ooadtiotioa baad* Aa the tmperatuire la 
ralaed eXeotrona are themaXXy excited from the iraXe^ ioe baud 
to the eonduetioa head and then both the eXeetrona in the 
eosdnetion henda otfid the vaoant orhitaXa or hoXea l e f t he* 
hind in the vaXenoe haoda oontrihitte to the eXeotrioaX eon* 
duotiirity. 
In ionie aoXida tranafer of eXectrona prodaeea the 
atahXe inert gaa eonfigtiration erouad the eat ion and anion 
both and 80 there are no free eXeetrona avaiXabXe for oaa* 
duetion in ioaio aoXida* lonio eolida at roos teaiperatiire 
generaXXy hare Terjr Xov oonduetiTitiea for the motion of 
iaaa throuf^ the ez^ataX, Xeea than to"^ (oba oi)*^ bat a 
faMiXy ef eoMpeaaia haa been reported*^  vith oondaetiTitea 
of 0.2 (eha at 20^0. 7he eoapoanda hare the eoapoai-
tien NAff^ Xj irtiere N deaotea E, Rb or fhe Ag^  iona 
oeeupy eaXy n fraetiea ef the Xattioe eitea avaiXabXe for 
kit* the ionie eeaduetiTity preoeeda by the hopping of 
a aiXTor ion frea one aite to a nearby vaeant aite. The 
•1 in 
J- ) . ) 
ersrvtAl stnifttttrct li«r« pftrall*! opm ehaln r««poii«i1il« for 
hlf^ «en<lii0tiTlt7« fli« fact that la meh tha 
•laetrieal ooAdiaetiYity ! • Aua %9 th9 aotlon of ions aoA not 
An* to tho »o%ioft of oloetroao liat liota oata^liahoA 
par|ja« tho traaofwrl of ohargo vltli a t:raa«9on of aaat aa 
aoaauraA ^ tho aatarial pXatod out oa tho olootrodoa in 
ooataot vlth tha aoUA aatorlal* Blaetrioal ootUluetiirity la 
ioalo oiffatala ia axpraaaaA Ity tti* l^amat Blaalala raXatioa 
» BJi 
» " kt 
vhara (T ia tha alaotvtaal eoaAnotiYlty Ana to tha diffaaiaf 
iona» B ia tha diff^oiTlty, a ia tha aualhar of diffaaiiit 
iona par uait woXvmm, % thair Taiaaay, a la tha alaetroaia 
eharga^ aa haeoaaa tha lonlo ^ r g a , k la tha Boltaaaaa 
ooaatant aai f ia tha taaparatiara la lalvin aoala* 
nffmi • f iw t i f i t f f 
Vlioa a ahMilaal raaatioa tokaa plaaa it ia fra^aaatlsr 
aaaaalatad with tha ralaaaa «f aaargy or aliaovptioa of 
anaviir f f m tha aamaaAlnc. If tha raaataata ara aixa« ia 
ta^paratara aoatroUaA ooaAitlaaa aay ohaaga in taaparatara 
aa a raaalt of raaotloa aaa ha aaaitorad. 
X»ray 
Yhia haa haaa alaharatai la Chaptar 1 • 
-5 O A ) ) 
l y of I^an^ ia t y t a t w MwmimaMlom 
nm^ m^mnmrnttil •aim tm iRtr«»Ml» Wmm 
f^^onm** nl^anriolct moA vlsi^lt iptotvoieop^t i^wft^ 
991 «a«2j«i«» a i f fmt ioa of oloottoiMi mA pUm^ 
torn Cl«af«f} wt9* «r « fmt ttimo^uyo Mmf^ 
wimtioii* ivosy 1i«eliiiit«« luui mm iiAivmtaiO mmv otlioiw lai 
f « r im diff«y«at aitoeto of pto^Xm m eoaoovnoi* M 
mmmSX infoswdiott oHatnoft ^ tifl^raotloa a^ul 
of^tol ot3nt«lwr« vmaadJAB mmofpmmA^ In ^ o r to ultaiar 
«l<»iilo pli93s^ Mmo]i OHO olnrioiio 8eli«M umiM Imi to wdco atoKO 
ro^l'irod izoinf rftdist&ssio iilmoo ffiPo of tlio 
osiio m tlsio stoalo mprnerntt^mm olootftnt out 
moniroii vmm owliol^ tlito osltoH*. Vo mm olt&or moo 
»iofoo«»fjr ov ovpSLoy tlM Aifl^^ootiofi toolmtw* GoiiotTtBto** 
tioii of nmtwm oat X^ -^ rajr sioroooofoo io o iroiy &iffi«itlt 
to^f t^ TUjt aimooQi^ lifto ma&m &om prngm^B^ it 
io not ttooA 00 fur f9r t&o prooost i^ivpooo* S3oot»M •iofo<" 
00097 tk** tlio iifow^ok tlMt ^ m o o of tiio pmr poaotyoM* 
Uty of tlMi o3.o«tiOA %oflit oitli«y tho ofnAo Y09II00 tooftAifoo 
io to %o nooi oy tfao ooopio lioo to ^ oot iato v^oiy tliia 
oooliooo* Ttm fvooooo of oottiiif tlioM into tlAu oootloao 
soar itooSir iotvoAnoo oov dofooto* Vo IKKVO tliuo oiOir tlio 
iiffymotioo toiludbffto loft. loooooo of tlio 900* poaotvii*^  
hiUltr of tlio oiootvott %o«i, oiootvoA «iff»«otioa toolmim 
A n • 
•anttot !>• ustd to stuAy ll«ittr«& Aiffrattion 
rtqalr«« a l « r f t Maplt* and th« MAplt «ui and 
tztra d«f«et« o«& produead during •xp«yl»«&tiltiOA» Mora* 
vr&r nautvon diffr»«tlo& rt^uiras a nueXftar r««etor. On 
tlia ethtr hand x-my diffraotlaa la fairXjr fraa fro» all 
tha abora dlffletiltlaa and that ia why it la aneh »ora 
eoMBon and of fanaral «iaa for atudyisg atruoturaa aa vall 
aa lattioa dafaeta. 
tnfrarad and Baaan atudiaa privarilar alaoidata tha 
Tibratioaal fra^aanelaa and foroa eonatanta of tha aolaoulaa, 
nuolaar aagnatie raaonanea ia aaad for locating tha poai«» 
tiona of hjdrogan ato»a inaida tha oryatal and ia inaanai-
tiira to non»Bagnatie nuolai, alaotroa paraaagnatio raaonanea 
jrialda aoourata inforaation about aita agraaatry around para* 
aagnatio iona but oannot inTaatigata diaaagnatio aubataneaa* 
Vltrariolat and Tiaibla apaetroaoopgr baaieall^ gi^aa atoaio 
azaitationa and tha inforaation about eryatal atruoturaa 
appaar aa parturbationa, nautron diffraotion ia iraluabla in 
tha atruataral atudiaa of aagnatio oryatala and in non-aag-
aatia aatariala, tha nautron intaraota only irith tha aualai 
of tha aonatituant atoaot alaotrona ara ahargad and iatar* 
aot atronglj with aattar and thaj panatrata a ralatlTaly 
ahort diatanoa iata a orjratal and hanoa thay ara baat auitad 
for tha atudy af aurfaoaa and filaa. X^raj diffraatiaa 
giTaa ua inforaation about tha antira lattioa* gi<raa tha 
Aiamslm ih» luiit M U , the yotltlmis of tli« auoUi la-
•id* iottd ^imtvihVLtiw of olooti^ ono vlthta tbo ool3. moA 
oan bo oppUoA to oil kioAo of satorlolo* Morooror it is 
oo«porfttiTo2jr aoro inoxponoiTO* fboroforo ir-royo finA 
grootoot op9llootion in tho f ioH of study of ovjotaS. otmo^* 
turoo Odd AAtorial ooionooo* 
fofltow offoetiag intoaoity Mowyowiat oad 
nnr ^murn^m n itifcg^i 9t 
An fteouroto ootlaotion of iatoaoitioo of tlw diffvAo* 
tioA profiXoo aoodo tbo oliainotioft of tbo port eo&tributod 
to tbo Intonoltj by OOBO oxtoraaX offoeto ero uovoatod 
ia an idool. diffraotion pattom. Tbo diffimetod 
toaoity ie aJLoo affootod by Taxloao pbyoieaX offteta* fho 
•oat ooMioa faetora affootiag tho iatonaity profiloa aro 
OTorlappiag vadiatioaa, booa divovsoaoof abi^x>ptimi| tospo* 
rataro difjhtao aoattoriaf, diffuao aoattoriag diio to raodoB 
diatHbtttloa of gaoat atoaa la boat aitoa aad diao to diffor*> 
oaoo In aiaoa of tbo boat aad gaoat atoota and tbo diffuao 
aoattoriag dao to atatlo atoaio diapXaooaont folXovod by 
voakoAiag of tbo Bragg iatoaaitloa* aad laatSy tbo baok* 
groaad iatonaity largoly ooatribntod by al l tbo iaooboront 
aoattailttga, o«g, a i r aoattoringf ooaptoa aoattoriag, 
fluoroaooaoo aoattoriag, iaooboroat part of tbo toaporataro 
diffaao aoattoriag oto* 
0<ntnX wiiigligtt — 
fhm aajor 9tm»9 of thi§ •vAisMtf hmOt^ jem^ 
nm%vaf of tho inoUoitt vitli 
•wkh tlMVo win bo yooofftoA tho vliolo opoolvwi of 
tito laolAfHEit lioMi M •mtilk iot of tlw rofXootini plm% ia 
tlio MKflo ooto mo m o^otroX onolarior* tho 
0mscA im «o tliio i ^ t o voiiotioxi oon bo tdnUKlsoft to o 
largo oztottt b j «oinc otdtoiblo aofio^orosotor or f l l tor 
uliioli osltanooo Ibo roloti^vo tniw&oity of tbo dtimoloriollo 
XoLr«iiotioa» In fho proooat ioirootigotioii » eoppor torgot 
waA m olaiaiiiiiA nlokol boloaooA fiXtor pnnroiitoA m&lmttm 
of Xorgor nsrolonclli fros fo3JlnK on tbo oo^plo* ^ o iaol-
tout mAiclieii «mo tlmo offootitoljr oonfinoA to m Toxf 
norrov boaA oronai tlM OvXoCjroaiotioii. flio ofton f iUo i 
9oicor ooaator oXoo oeto m m MAO^uranotor booouoo liiortor 
mroloncIlM pooo tlorom^ it «iaoboorbo4 oaA ho&eo oro aot 
iotootot br tko ooiutor, 
Air ooott^flng 
2t io woU knoim thot foooo ooottor X-rogro mA oloo 
tlMt tblft ooottorinf io oonoootrotot ooly to oxtroaol^' Xoir 
•ngiMm* Vo&oo tbo offoot of oir ooottoriac vllX bo a oXi#it 
brooAoaiai of tlM pvofiXoo, BUidaatioa of tldo oxtra 
bvooioniBc roti^^t voaoraX of oir botvooa tbo oo^plo oo* 
tbo Aotootor. Za tho froooat iaTootifatioa ooUor aoi oati* 
) i 
wtrt UMA to f«ad«r 1I«MI of X^vagr* hlgMy 
UlTontlonttl anA to piwroat ooattorliii fwm wnrsntoA iiroo-
tiWA mlTini at tlio eovntor oo tli«t mlw ooatto^ iiiff ««• 
aofUclMo. 
fho Istoaoitjr of X^ n^qro 4liffx«oto4 lay « oai^ lt i« 
y«A«ooi to mm oxto&t 4IM to o^oovytlon Ity tho maplo* flii 
t«mMilMiloA fftotor M^) • oo^ l^ioatoA fmiotiim of tho 
diffmotion onsio (&) oaA of tko AI»«a«ioiio o&A o^ ooii^ ioii 
oooffioioiit of tko opooiaoii io gitm ^ 
J 
i^ovo k. lo tko U&oav ftboofytlon oooffiol«it» t is tlio aio* 
toaoo tvsrorooA tgr tho IMM anft ? lo tlio volmo of tho 
toS. f^ttM in fhio o«a ovolifttoA a«Mfl«ftl3^  
moiac otoaftavA tabloa Uko ZAton&atioial talsla for exyatallo* 
crapkart Tol« nz aaA aaaaiFaA tiaoknoaa* Zn tho yvoaant 
oaaa M )^ « ^ tiM yXata haa a unifom tli&AlDioaa t* 
foapoyatiMPO tiffmaa aoattoriaf 
THO affaot of tlio tliomal TI^VATION of tlio mtmm OA 
tlio latoaaity of tlM Aiffraatioa if X^ n^  vaa firat ooAai-
AoraA ^ I^atsro** TIM thomal aotioa ooaaiat of raaAoa Aia» 
yXaaoMikta of tho ataaa froa thoiir aoaa poaitlona aoA tha 
n o 
. . I ) 
• f f « « l •f tkis i « to wAn— Mfrmttlm maMimm 
i»or«i«» f^tttktfrouad on vliitli ^ MXiM w •nvffWsti* 
Comotioa fftotor* for •p«tl«l Ulit 
mt H m f 1 i«it fffUffifiii?!! fiffflt 
flit (I») «bA foXaiPiSfttiott (9) 
tli« tatineiti** af Mlimatljr matAtmf^  raAlm%tm 
m% iitffwm% «agl«t. fh9 frnt^r I* giirm Hy 
1,(20) 1. .n^ l 
moA tit pi>ittnsftti«& faotoF 1* lif 
f(2e) • 1 t ,|ttlt ^ 
fli« fMtor Modmi irhm 0 nvpfOAth** O «ir 90^ aaA 
•iaiMNi *t e fhty«fovt tli* • f f « « l iMtHaiw «t vtiy 
maglw moA at 
totlrwif a t m r t ti l t i f i r wrrttlliBi 
fk« %fo«««aiif of tho litto pvofilo is am« to tvo 
fMtom (1) 40f0«| In tllO MBflOt (2) illtraMAtOl or ffOO« 
Botvlool* fhofo m Toviotto iaotfuaoatol. footovo vliiih 
oonvolmto oaoac tlumoolToo to pvo4«oo tlio totoX fooKotviooX 
or IttotfiUMiitol IvooioniBf mi tkoar oro 
( ! ) ooiuroo fvofilo. 
(2) f i c i %li«A « i imi MMpIa ti irfM* 
C4) A%«i»fptioi& I f tbt MMil*. 
Cf) VifttH 9f in* Alit* 
(1) ntmlXiLffmm^ ^^ ap^arftt^v* 
pmftlw trm mXl • f f « « t « 
•tuoli^vlar ••Miitial* • sattA^i* attlioi to IHI 
ttSJL dtffmotiim W09I:* 
iltll^il t f iffitlifa iaft Ilatlit gltritm* 
flMi if«ftf>ti«ii w i * i a i l i f i t a f i I n tve niiirsi 
( t ) @flkfintti7 M t M 
(2) aisiim of f^ mtiXm 
Mlm ta^paswtur* Mtik «li» T9mB%im 
•aieirai ••atveUat. 
GmitlUxw 
k ffJNtm glMt tmlw af iattroal, w IMA 
10 Stsflli Ml Id mni fartiaiai' f m « < vitli 
m irai fM aMiiiAt af A «MWit of Bi03Jli» 
f « t M ovor AfX in Mm tmHo. fUt* looAta tiatw ktpl 
ia tB ttir thtfiMOolat toatvoUoA to t Toi^^oyvlm of 
tlio mottoao VOTO aaiataiaoi aft ttt^O, 100*0 aaA 
* A piroilB&aarjr otuAjr of tklo roaotioa irao Aoiio for ll.fld^.* 
M 
la fmut <iff«r«&t fwui. MMi mm thm mmm im 
•tmlMrti m mtfrnmnM m9Xmmf ^mwmlmpmA intmttmmm aai 
til* pw9gtmm9 mf vm$%tmm «m» f«U«ir«t g^r MMMViiii tlio 
thielaicM of %hm prmimmt lmjf%T f»ni«A « l tli* la%«rfM« ^ 
m tv«r«lXiiic iMh •3cp«vi««iit hmm v^fmm^mA 
uaA til* hmm IKMII 
A AttTlE M mmm at iultrfM* 
fr«v vitli on th« AgX alt** Af l « » MMtlwa a 
fllmw Xajtr vm fonwi A«xt to tiw ntA tetmdaiy* A t h M 
pi«Aii«t Aifty uliltt la eoIo«3P» mm MvaaA thm lat*ir» 
sad HkCIBt. fmmmrAm thm aaa it was sami thiit m gmp 
fifOUv mnA %h.m proiuota moA i^aotloa 
•tllX aoatiz»MA« fha raaetioa osa ^f aotiiai aoataot 
aa wall aa ligr irapour pluiaa dlffuaiea. 
thm raaatioB t«%aa hcvlaf thyaa 4iatia«t lagrara af 
tfeia yvataak ««va bvokm aaA tint pvoAuata vara aaUaatat 
aaparataly* flia «ark vaA aatarlal aa lAaatifiaa lir X«vaira 
waa Af2KfZ4* Kapavta af oar f l a i i a fa ara cl^aa ia fai»la I . 
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la fie* f* lutrt AIM MtlTwliaa 
•iMfir tlM rtattioa Ic» A 
is Aetivfttloa •aavgsr^  ft is tlis gss «iii A is 
s&elksv ssastsat. A i^lst of Isg K TSFSOS jr « i ^ s ths soti-
Tstisiit • 17*9 kesXsAiO^ in 2* Appsrsntly 
%ld.s is not s irsiT seenrttls pvsssAurs* 
flMiysfovSy soaslsiits A saA mm sXss «S:LS«I» 
istsA vitiUif tht Cxm iilQPsiT Xssst squAVS sssrsli pssksgs 
?lks fittiog pvoesaurs niniisissit itt tli« pamuMftsr 
spses At B *^ ths fnaatitf 
— 
J 
sunuitioii is w r mm twat cl lAiittii 
k is fiTSft sad tlis sjnsWXs sip siiA thss stsaA for tlks szps»i« 
KMitsX SD« tlisorstissi "vmXitss of rsspssti^Sj* 
Tks TsXuss sf tlM kssi f i t psysMtsrs A saA slssg 
witk tks ^ ^ srs «!••» bslsvt 
A • as.TA It 10^ 1 Ijj • l$#95t kssii y^^ m o.©53 
fks Asts vsrs slss fittsA iisisc tks gsasmOissA Arrksniiis 
fsntsls* k • Af^s"*'*^^* fks psrsMtsrs srs A » 70*0fx10', 
.. ) ) 
• n . e kCaii f • 0.9fi ^ • O.OJJ. M h th9 f it* m 
•qtttiOay it to 1M iiot«A tluit i « Mt 
•Hilt 4iff«r«iit in th* tm 
flict im* Ao«» net to» Imppy tiit Itv 
y«3.u« of ^ i » Atto to tlio fonovinc. Ia oMouo voakaoMi 
of tho prottoduro of oxtriOtiiMl tho pwnmotoro, idaoh 
io ••nrntiUj tliat ovAioaril^ r foUovoA ia tli* pftot oiooft 
that ft gropMooX eotlMi io oBplo^ r^ i iaotooA of tho •ini«i«> 
sotion aothoA foXXovoA hovo, io timt k ftt Aifforoat toa^« 
roturoo Aooo not hnro tho ooao divoaoioa** 
Thoroforot inotoad of osiclraotiQg tho voXuoo of tho 
paroBotoro graphloaXlar or hgr loaot aqtaaro fitting aa Aoa* 
ox lM mh^ Wf wo wialjrao tho Toroaa t Aata at aiffoipoat 
twiporaturoa for tho givoa roaotiOA ttoing tho goaoraliaoA 
form of tho Arxlioziitta o^uatio&» 
vhoro tho ayahoXa haro thoir aaoai aoaainf• fho roaotioa 
orior ia allovoi to ho toaporatttvo 4opoiiAont aa< hoaoo ia 
ioaotot hy af * Vo want to aoo hov anoh tho iraltto of a 
iopoaia aa to^orataro oai how aueh tho waluo of «haa<oa 
if a ia tohoa in thia wagr oad how an^ Aopoaia oa iaola* 
oion or aoa-iaoXaoioa of tho f^ toni« 
^ r 
.. J 
fh9 rmXnw tf pftrnMt^M hy 
sialalsftllon «ad mm gima In M l * T* 
f f fftfff f 
81. 4 A K a a a a 
2 
rJ So, 55« 5T0 575 5T9 
1. 0*6$ 2*09 2.0i 2*0S 0*11865 
2« 0.00 14.56 2*22 2.05 > 2,16 0*15406 1 Wili 1 1 
fliMB th* «iff«v«ii% Of vftfy in m 
tiT»JL|' wmOX v« «8rritA oirl m mnlfmiB with m 
impwmtutit a. Also iaelatflcHi of f^ luui not 
sltuAtiou •soviet tliftt B^ ^ alBooit 
V« aev f it tlui vitli ttw ttvaai Aivbtniiui t^ mvOM vltli 
a ioiptiwlitr* at 
f iui lMI»l f i t pAVMI«t«Vt u l t l l thB ft1l«Vt 
tloa (tli« •dJuetftHI* pti»tm$t§m un s^ viA a) air« 
M f»ll«init 
A - • U . f f ktia/MUi a - • 
fli* X«v •aXmt of ")(^ iadl«at*s that tk« f i t to 
«ata io st i l l «iiitt cooA m a vitlimt tho f^ fa«toir «ii4 a 
' ) ) 
%MV«i«t«r« ittA^fwiAtiit IMS l « f l i «9 tluit fy«(Nat 
Mm « • » • « mwcMiitat* iatiPoAm«tioa •f th* f^ ftuit^v tMi 
tti^mitiir* » 1A tk* Arfteiiui f^nMSA* tiM 
•tktr iMporlaat rtmXt fywi our lUMlrsi* th9$ B^ 
A«tmltMi fftirljr AitfmttI i§th-
Alioiir* Ae not $A ••aritktiMi la tli* vtaiiui 
•f ««t&vatioa tuAVisr flmui «v«ti i f «ii« 
fdlXmm tht grtpM^al motM AtMViM 
Hcgiimliif df Hilt MiAtitftt IMP* to dotovaino 
vifli aot wiMli BOM •rrwt* fliio « f iomanmmtgt 
«•••• to INI iahoyont m long m mm not mrm m th^&imtim 
0tmaA& vliotlior to aUov a to ^ toapoyaturo InAo^onaottt 
•nA iMvo a f^ torn or not* flxoa m lone « • oao Aoos aot 
licro iMittor thoovotioaX aaAorotaiiAinc of tliomi aattoro oao 
veulA hKf to ooatoat lAUk a tmolitativo vilao of 
80 tlio yroooat aaolyoia froiriAoa Jaotlfloalioa for tHo mao 
of tlio oarlior gntliioal. aotlioA for o^taiaiag a ^ualltatiYO 
^ a o of 
ioUA atalo roatioao ia Affiaito aoJLar ratioa 
YlM roaotoat Afl aoA HgOXBr (botk alwat 190 Mill 
oiao) voro aixoA tkoroaiiaj la la agato aortar la fivo aoXor 
ratloot aMioljr, It l , Sti, 5tt» 4it oaA U2 of oUvor ioAlAo 
aaA aorottfjr AtOorobroalAoi roffOOtiTol^f. Tltooo voro tlum 
AlTlAoA iato tvo parto* Oao pari of oaoli iraa kopt la aa air 
^ r ,-> 
tlMiatstftt ttt 75 1 0*9 0 t w 4ii|rB tb* etlMr 
vM ktpt Mos th« pyoflmst* ftf tliAM 
^•nttloaa latatlfied ^ X^re^m fu» boim glvta 
in ahapfJF 4. 
Wftliirilwi ftir ilif fffMtl»a 
It wm9 t9ma thai tlMi ati^uttlm #f rtaetiwi 4i f ftr « l 
tmm mm ooa^tatmtioik to the otlitr eda«esitrAtloA« Za tb« 
oftM of aoX*:? 4(1 of AgZ oad Ei^aSr tiio followtai 
Boidumini 
I 
n 
x n 
Agt • HgC3»r —aiSBri: • 
H t • BgBrZ — • 
mt • IfI2 ^ AtjBfX^ 
4A«X • Sgoair AC2Bil4 
As voMtioma XZ oaA XXX m fowt BIPINPX asA BgZ^ 
» « t iotootoA la tlia pmttavm, 
Xn tiM aaaa of mlmr ratio 9tl of AcX aoA BfOlBy tlM 
KoolMatai ia 
2ji«x • aicexjr*—r^ afox • ng^wi 
lAgt 4 SIgBrX * agXj 
2AcX • SiX2 ^ 
Ugt ^ 28i01Br ^ * • 
IB thm 4i1 rmtf m Mgl^  i * l « f t M in thm 5t1 i « t i » a u 
« f it MSMDMi apptars in th* aniajraia* 
In th9 9mm mf 2t1 mUaf mMwem aoA 
Aiffarvftt at tha two %«a9ai*at«va»« Wwwwr^ tlM pva* 
aw&ta af Ba^rZ in aittiar «aaa aufgasla tha fa3a.oiriii« 
a l « i at 79*0* flM f>a8«ti«a 9m «nt t «a a» 
4A<Z • 4ll<01Br — » mg^vt • 4Ai01 B • 17*9 kaal/aaXa 
n§t * mgBwt * ^^^ s * ^^^^ i m a s ^ u 
• Hf l j 
At tlia vaaatiatt pMAa«t» ara Af(01»lf)* 
ani Rglj mmoM that XgZj proimaai in itap ZX i t m»t 
aamtimt ta fiv* a Aatactalbla aaaaat •f Agg^Z^* flMva* 
fas«» IfZ^ ittaXf appaara ta tlia aaaZfaia* Xantfar, at 
k i i^v twpavatiirai tlM pvapaitiaAata wim iM tlia rata af 
tlia rata aaatvaUiac «lap ZX aa ataparai to atap Z la aora 
aai tld.c vaaaXtt la tlia tPWmmUm of iMl2»<Z4 at 79*0 M 
aat at 90*0. 
fha raanlt of tlia thamaX aaaanraaaata alaa avppavl* 
%hm atapa ia tlia aaahaaiai* Iar« ftlso tha tldf« atop h»m 
•fvadai Aataatioa Atia to it* tastaaao* Romlta of tharaaX 
' — ) 
) ) 
mmmupmunt #f 4llft«r«fit Miio«&trt,1il«n» wr* girm In f l f « 4* 
th9 TwtultB of tiM rvMtiMS in %h« mlMP rs l iM ( l i ! moM 
it2) pmt in th* torn •t m 
Howfvr, %km pvoAuiits v v aiislarctA yartitlt 
aai vIvtlA df tli« pvoAueta dvt^vaixMi, 
«lMiA of ffotuoti of irtfte%l«ii 
«t 4iff«v«At oonotAtmtioas aat tMipormlsux'** of 90* 
79*0 roportod in TaHH* tX. fho partial* of 
til* roaotftato md tlioir otymia at 90*0 hm9 lioon talnt3atoA 
in fm%U ra. 
Rolo of atrain •noygioa in aoXtd atato yactiwia 
oiyatamtoa tho aliraina poralal oiroa aftortho 
ozloxnal agont Hxlaciac alMwt tlio atrain ia no nor* oporoi-
tiYO* OWiouaiy* aaok a aitaation oannot %o AoaaillMA Iqr 
Eooke's law. Bevoiror» wo Mko a roagli oatisato of tlio 
plmatu atvain mmrgf in oxqratallitoa Iqr uaiac Hoo]c*a lav 
%ooaaao vo ox^oot to an vppor l ialt oa tko plaatio 
atvaia onorcr ly OKplojrlaf Sook** lav al l tho vajr* 
Aaauainff Hook* a lav tko onorgr B^y^in vtorod ia a 
atvainoA koAy ia givoa ky tko atwiiari foxvala 
'atraia * 1 ( i t w a ) x (atraia) x Y » ^ IT x (atmim)^ 
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ytiMf Yiy 
of MtvaiiUKtiMi nm pmttt€k» tis* aaA 
t9w ttm initi*! Mftcln&t** 
Omprntai vilth l»li»i* W^wSm 
iMrl (1^0) 44.4 Q^^m « 
IldClBF (220) 9i,a 0.0599 « 
! .) 
iamw r i » tiM «ii4 K^ut taiUt Mdia«a vf 
Xf II is tli« mum • f « Af thB mMftawi aai 9 
is Atnsitjt lMr« 
Zf X i « in I f , 1> in IkAi' •aA 
ia On 4iTi«ini tlMi mmwgr in mit « « f SfymlM 
17 til* MttlMaitttl. •tttiviatat «r iwftt civm la mits «f J/islt 
mi <«t 1ih« fiiUsviai f^mmOM *ett»iii» 
W • l o o o ^ T T i - ^ ^ 
V« fMs Taailii TX tiuKi stmn in a l l « « • « • 
mS 
listtA %hm i t of mrtiwr 10 w mm Isiwmt in 99m 
ts Icaov I^in to c«l otl i -
mmtm* this i t aet mil«1iio in Uttratnv* for tlio 
m M m o o W i l t ooaoiisvoi lunfo. So |««l fov tbo Mko of 
iia»i*vatiia « t m fiviMc %oI«v tyyiooS. fiRlaos of X^ 
ioAaooi twm tlio iraiaoo of tlM To«Mr*« mtMma mcA tlMi 
of viii«ity ciToa for ooao oa%(Ploaioi^'* Vtinc 
tlio •lott«avi fonmla 
tT 
• 5f 
vlwro T io T««ac*i aotaiwi OBA • TLM SOMLIMI of 
A ^ 
.. I ) 
f#HillfIH 
MJi Mwlm iajuifei«l«jr mm M s t a n m 
Mv1ttti«« Bttlk WMkOLB vt l lM l l t i t r 
eMi% i3tm ^ 9*9 9 to*® 
tmmt X 
Si«Milli X 
nt9 X fO*® 
VtAsg tlk* of I • t.9 X 10*% S^^ aaMif* 
f«%tiiic tn upyiv Siait sat takiaf Bgl^ iUwxIra* 
fOF idUtift 
X • 0.499 Kf/Ml* 
•at 9 • iOOO Ig/i^ 
<«t tlM ILlalf f«v KfXj •f 
s«X«* fhit wi«k tamUvv tkM tttlwIiMi Mi«ifir Itt 
tte MMtimx Aisemix«i in tli* irwrk (niatli « f » 
10 9W m v } • 
flimfoip** v« etm«liii« that tli« xlmia mmvfff 
m«« M M to iMnro a oicninoMit rolo in ooXii xlott yoo«lio&o» 
1 » 
I ; 
Mmrt/fww, it fltsiili W M wan* 1m lAftivti timt •tmlAt 
tliMUHiXf** yljgr m ImalfKifimt rtl* in Ml i i ttat* MM* 
ilM&tt* wp« iMrt ia 4mf pljMti* 4tf0fB««iMi aiiA mm 
in t « fM 9f 4li«]l#«fttieik» ia tia tfii«p«i 
•tim«t«r«« fk999 wcf iiW^HItMrn in tmmm of TAG* oaft MVCV 
Ait:i««»ti«n« moA/w ef tiMM* insr «li«Bi«tl 
ia %hm •oliA slidtt tisXoetttinae •etimtiwi 
f!»9P initittiioc tli« ff9««Mi« Qaft* %!it yvMtioii i « 
iiii%iat«A At tisJUmtiott Aittt ift A MliA* tlui pyotttit 
«»iitliiii«s ifltli %im 9«ii«tvii%i«& of vtftotant* aiong 
looaelioa lino** fmm tho pvooo&t otutfj it oooaw tlMt tlio 
oaorcr otoroA ia iioiooatioii* Itooo aot pXa^ • oMcaifioaAt 
i«io ft* MOk ia t ^ •tuAi^  of ooIiA otiito yoaolioa** Vo Mqr 
m«a«riso vomit Iqr oioriac tliot «ltoiroaft otyftliui mnt 
impoyttat otimia oaorggr io aot. 
flM •Ivaim oaorcr of voootioa yx^aoto io aloo of tlio 
ooao of«or ao foaaA a^oro for tho voaotanta oai lioaoo aogli* 
fi%lo ooafavoA to tlio aotiratioa onorgr of tlio yoaotioa. 1a 
otkoF ooiio, otraia oaorcjr {th/smgn aot aoooooailljr tho 
•tiaia itoolf) of tlio pvoiaoto also, aro aot potlMpa of 
iifoot iatoroot* Qaljr a Aooyor aaiontaadiat of tlw yvooooot 
liovovoi^ t ooali tlifoir yvoyor lii^t oa tho rolo of olvaiao 
ytoiaooi ia tho yroiaoto fofaoi iweing aolii oloto voaolioaa 
•a iyiiMiM 9t %li« ifmt^iMk 
fli« lciii«tl.M «f ialtrMtioii 
ioAiA* ftai mmtmatf in iltrmmt mlmf wHtfm 
liM 1»«ta •t«di«i« SUlTtr aaA amaiy 
ir«ii«t la til* mU3t vatio 4if to siv* 
« i tilt tuA pvoinists. 
f^ limits 9t tAAa^si* df th» WMiititii 
t m luKvi&c •alar 4tl aod BfOlly) M k »t ivmi 
t«i9«:ratuyt (50^0) moA m% am %hm wmm* AgX ai^ BfOlBv 
vlitii Aixtd in soUA «t»t« soon atavt fonilsiff A^j^Z^ At w m 
thlm isifomation irltli tiM f«tt t l » t 
r«iMit« irith 7i«aiiiiif %Z2 it««3ur 
vtmett iraplAlr vitli Jkgt to glT« Ac^ KgZ^ ooiii*** thf mm^mmm 
•IrtaAj <iir«a, tliat 
AgZ -t- I f W r ^ IglrZ AfOl 
n Mgt • igBrz — ^ ngx^ 
111 ai f i • » 
Af(01,B*) 
4A«Z Igeiir 
At rtatlioiui ZZ toA i n tjpt f t t i , IglirZ taA Mgtj^  m f ntt 
I ^ 
fit* vm&itim wiQyvae* 9tt Mi3L«r mti* AgX ttaA 
H o u r •• f«l3LMti 
X $ACZ • S S I M : • SACOI 
XX Ugt * ^ ^ X 2BgX|l • 
i n 2Aix • mi ^ J^iWi 
X« id from thm piN/HMvm C4tt) ia thai th* mA 
pmfittals BgX^ Mtih ia 4il aa 
iiit«ini«4i*t« fvoinwt vma aot Iwit ia it 
M aa tBd proAatt aafl vat Awtaatatil** 
flM aaA af 2il aoXav aixtwra aaiataiaai at 
tlia tve tMq^ratai*aa art Aiffaraat* Umiwwt thm pvaaaoaa 
af I f i r l anfyarla tli« fiapaatA aaelMaiMi 
4ifX • 4KieXlr — 4 I A i ' X 4AiCX A 1 « 17*9 k••dl^aXa X 
3AcX 4 n g ^ x SIAX, • aittr ^ S « tir.H kaaXMl* XX 
2AcX IgXj ^ XXX 
f f fiaaX toaslE af af tlia yaaataata ia tka 2if aalar 
ratia at 90^0 kaa aat %tMi «iYta ia tha fam af a Miaaaat 
u o 
a 
E Q* 
25-0 
Time (in min) 
Fig. 3: Thermometry as a function of time for the reaction 
between Ag I a HgCIBi mixed in the molar ratios 
•^tMitiott* f lw pytim«%« Ac(eXtBr), aol IgXj uli ltH 
MiAS thst l fX2 pTninewi i n ZX xiiil s u f f i t i M t 
f iYti « MMUol #f i ^ t ^ X ^ * BfXj i t M i f 
ii»ytiiX>«i i a t i l t aimlqr^it* Bev«nr«r« hk^am tMip«rtiliurt« 
n to vlcp X tm m w «aA t l i i » i r ^ml t * l a 
tM fomtim ^f AC2^4 ^ not «l 90^0. 
fh» mtliott pfoMXy « tlUTM tlty pvviNMis^ 
iii|«9 X««ii i i i to tlio foynaflioft of Af^^liX^ • vofy 
fool oiio aiii lioiioo t l i i o i o tmAotootoiklo Igr tlionBoX oy oom-
AmotlYit^ aownuNMtato* Tho of tiMinttX anA ooiiiuo-* 
mmmatmrnktw ( f i4|. 9) tmpp^H tvo o f t l o tlivoo olopo 
of tlio pfopoooA wMBilumlm oat vo lumro oXroaljr s i i ^ ^ m pXon^ 
•i^lO Ol^ IOOOtlOft tllO thlVt 0t09 lo Blooi itt tkooo 
•ooonroMiiito, 
f lumiAl ••Mwriaoato voro doao fo r 2sIf nai 4tf 
Bolor imtioo. Xt voo oHoorvod t l io l t l io poftko of 2 t l i*«tlo 
•»»o«r f iy« l« thoft tlMOO of 5t1 oni loo l of o i l of 4 t n 
f n m t l i i o vo ia for that tlio rooolioa roto followo t lM ovior. 
flHio tlio AoponAoiioo of roootlOA imto oa ooaoontvotioa (aolor 
rotioo) of tko roootonto lo oooovAii^ t o tlio OIMO oitor • • 
§trm oiNiiro* f lM ioposionoo ooa %% ozploiiiot l a o tnoUto^ 
4 p - ) 
^Mk Miatiaci«t tlUKi r^Mtiwi 
9f««««ifl ^ Mtual. MAtMl tlM r^Mtant* or tgr 
yliAM 9«r«iel« vf tli* MMitimt BgOlBy 
i » too t Mi tlMt iif A«Z i t fttpvtslaAUlr 50 1 
(•#• taikXt ? l i ) . It tUm 9«rti«l«« or oyjriAalUtoo m 
• M M i fo ^ of mMmI. iii«9*f tiioA m o 9f oar fooo 
of agOlBF mOm ooiioo t o bo t l io l of A«X 2900 
t% oppooro thftt aiiviac voootioat OBOHOIP poictieloo 
oliiotor aroim« tho lo r fo r B^XBr porlioXoa* X& tko oooo of 
of 4t1 aolor i ^ t l o of kgt oai BiC12y« tlio ontiro ourfoeo 
oroo of fi^rt^r ooMio to ooeopioA liy portioloo* In 
tho oiioo of 3s I» oao fourt l i ourfaeo OPOO of HgClBF x»oa«iiUi 
wiooTorod aeid i n tlio oooo of St l t ooo ^ f onvfooo oroo 
ROMIAO unooToroft. Zn ^ o eooo of 4tf # OIUNI tho totoX eufw 
foeo oroo to oooopioi, tho voootioa proooodo oalf oot«o3. 
ooataot mA i t io aot oo foot* Za tho oooo of 5tt» ia tho 
thvoo fourth osrfooo oroo« tho roootloa ooooro Igr ootuoa. 
ooatoot %ttt oaoo tho roootloa hao otartod i a th io oroa* tho 
i ^ X o oiyotaUi to of BfOlBr yrohahl^ hoooMO groatlir 
otrolaoi oai roloaoo OMM soZooaloo hy vogr of on^oratioa 
vhioh ohUo oosiof l a ooataot with Aiotaat AgZ aoXoonloi 
oamoo furthor roaotioa to toko plooo oat thao tho roootloa 
rato» of foot iTo l j hoooaoo faotor. Tho ooao prooooo io 
oahaaooA ia tho oooo of 2tf aolor ratiOt vhoa aoro oarfooo 
oroa io availohlo for roloaoo of l ^OSr aoXooaXoo 
flur* is « ttliMnrfttida irvgarAiaf tli« 
A«a«* tli« of oa «oa««]Xlrfttl«ii* tli« awilMir 
of tsA iproatiota in tlio roMtloa booosos mv vliom 
tlm i « fftttton In tho 9mm9 of 2tt» tlio wuHmr of protmoto 
io foivr^ i a 5t1» throo oaA la 4ilt tifo* Froa a fov roao-
tioas onarrloA out lioro» oao oaa lagfoat* tho groatov ia 
tho of oziA piroAaota* thm groatov la %ho voaotloa 
ra to* 
Of tlio tuo roaotaata kgt aai BgOlBr* tlio fofaav ham 
aoro ati^ alA ana thua aooaa to lMi novo aotlTo paiftnox* in tlM 
yoaotioa* For it ia mdorataaAabXo* l^ aoanao it haa 
aoYoraX €ofo«ta proaoat in it a oirataXa vldoli ««apal it to 
oatov into oliaBloal ooa^iaatloa* 
On coiat thrumgh tlio atvaiaa aaA partiolo alaa of 
tka pvoiaata of voaotioa ia «lffovaat aolar xmtioa* (fa%Ia 
ti) tko foXloviag al»aorratioaa aafo aaaiataka^loi 
(1) tlio aaaXlov tko atvaia ia tho partioXoa of tho pyotuota, 
tlio faator tho roaotioa ratot 
(2) tlio largor tho partiolo aiaa» tho faatov tho roaotloa 
ratot 
(9) tho atraia %oaro an iaTorao yolation with partiolo alao. 
"0 
t w 9m aait tlUmM tn* ttaiioni 9t 
wMlmk pXmm HIMA th* vmstmf A ««aiiti«ft 
of i i i t«i iM i tvaia aot tUty twf i t tiii«lcly • • m 
»»«aXt of lAUloli viforoiio roaotloa tiiroo lilaoo* Xii t lm pw^ 
•OM of faol rooetloat tho otmiiio or* vtlooooi Twrar MIOIi 
•oA tliotofOYo tlio ^rodttoto «ro i o f i fl io aiikisaa of 
•timiik* Stvsitt o a t w m tioo ^ooa AioouoooA oorXiov i o 
ttooh wmaSklmt la ooaporiMui to *hm ootiiriitloa oiioviy. Boiioo 
otmiiip la tOTBi of onoyur* ahamiA not yXaar on iftpovtoat 
90^0 In elioAiool idUiotioo* Kovtvon tlio styftloo luTfoot t t e 
FOftOtiOAO «root3ly iB a diffovoat mqr* Stiraiao avo oaaooA 
Aao to la t t ioo Aofocrto vhlidi i a i t i a to aa4 faoUitato tHo 
roaotloa* 
fho f«aotioa OOMIO to t aka yXaoo i n l«oa3liao<l poOkoto 
i^oa tho ooniitioao aro oaitalilo* Booaaoo t!io voaotiott 
takoa plaoo %otli %ir aotuaX ooataot ami ^r^^oar pliaao 
•ioa (ii lUiii wpvtAm tHo roaotioa to layov volaaoa)» t lM 
roaotiott io iaitiatoA at thooo opoto IPIU»»o tHo aooosKLaiO 
of s^aotaalo io ia pvopoiP ovAor ofoy a XargoF irolwio* Koaoo 
tho yartioloo of ^ o p i^aota of faotoy roaotioao a ^ higgtif 
i a oiao. 
fliooo iaforooooo hmv Woa i s m i fmm a fov voaotioao 
oarr io i oat liovo» M i t vHX voiy iatovootiaf to ooo 
- 1 n 
Mryc ls t im i WIVMA th* ^ f y«MrtiMi 
•ftt f«rli«Xt aai vtmrn vf •f M 
jNvni m^alaiititttca mliwi ft Mwoat tf M a is 
•mOjrMi* a* fur imt« mslaal mmmeat^A MOJ 
MfiUaiy r^mMwm vtem t k m is ns iAts sf 
radios* nm ham tttcstslti m mmVMi of atftMiviiic 
tioB xwl* i^ iiit til* mn in 4« f i» i t * MXmp Hgr 
«»iiMi tmTt9 wdA tsttlH&iviM* ft i » gkwm 1»«l«vt 
fgsy—a —tlioa f»y tli» dffwdaatisa sf imf eonsfntt li 
la Itflttlif nfftiff mftalWlffai ft iii» yttirlinH la 
gttW italf 
tn %hm i i«u ia atiiA cftMVus ymt* of a 
t i o i i i f f yx'oportioiua. tff MB* pewni «f t i t * oeneffiitiNitimff » f 
t lw r«Mtaat«* Qa tli« aaidagr ««««ti«a 
ratff liat ft»mni»d t o hm99 %hB » t m aatlMmotioal. fwm* 
nmo fo r tlM iwootioA A 4- I vo i fH to i 
( U ) 
trtitvo aro tlM ooaotatvatioao of tlio voaotoalo 4 
•Hi B aai k io t!io vato ooaotonti 1E» a oai a aro tho' ad 
a¥lo faroaotoro to bo fittoA fyoa tho Aata* 
. I 
iwftt ooftstaat oca avrnKiFti Xi«gr moA iiifMkw 
«p<Mityet«opr* Hr x«»vigr wn%M M mi l n 
ef tlMi ma eau ytteoyitA* flit 
Mm ptrfoiMtA Igr BclclAg • KHA* 9t tint alxiwrt 
tft toIMtoii ana tMriiic «fc Mail I««i9r 
p*ale of tft^ of th* T990tmtB kqA m » a Im «eui Mai 
pfosiniiit ptak of pvoAttot m a fme%lm of t ia t * In tho 
0mm of Ixifray«4 spoot^ oooopf ft poUot of tho i^ oftolaato oott 
saio ttttd ^ t Xt opooty* otnAioi* Bof» oloo ono of tlio 
poftko of tuo foiMtoiito nd tho Mda prtA«ot oftu 1m Mmiliovii 
miMnXtrnamm^Oi^m Vhm pook of mm i*o«ot«a$ vllX Aoofottoo «aA 
tlukt of tlio ps*o«««l vi l l iaovoooo in X<«apaQr M voXl mi ZR 
•tuAp* f ^ lioii^t OF tlio oroo mAw %im pook ^ifoo tlio ooiw 
•oatMtioa of tlio opooloo* fho AooyoMiaf oonoontsmtloii of 
tlio voftolonto ovo to lio ftotoA ot oqimtX iatovirolo of t iM Ift 
%otli tho MtlioAo* 
frai tlio % iroroM tiaio «a(t«y ^ lo 
AWMriooUy ooBpKloA ami tlio» moiac ooltil^lo tntat— 
proooiuro of tho oorl ioooriloi oorliov 1A tlio tlioolo ia a 
«lfforoat ooatom, lo flttoA aolaf o«»alliRi (ta) aai tlM 
boat f i t pamMMtora k» a aai a am oktalaoA* la. tMa vagr* 
tlio veto ooaataatf k voiilA ^ooao knom* 
Aa «• karo ilooaaooA oarllor» It m l A ko kottoip If 
«a 1IOO (Ik) al %ko ooToval toaporatitros at vkiah oicparlaMiata 
"1 
luKT* %9m tkm (1%) iaAXriMl 
mA mm timm k imlnta iuMrtnc ftttilOar « i f f « m t 
MoMt f iM Xt !•> iMimir* •X^ atr tint it ii««2i ^ 
•slMMly i i m « i a « t« ««riy M thlt klaA tf ^iptf iMt 
Aifftvmit tt^pvrslmf*** VOF ItlOLt mpmn^mmtm utiOA 
l«v« to iMi wii«« Kttvmrt it t i f f cmt vfttio* « l mm 
ttftn 1m tml if th»m 
hmw AlffOVlIlt ilMASlOM tlicjr My ftot •Miljr 
A n 
i l l i i i i g j i 
U rwraiior* n* aai Bt«AMPl» #•» Qiiiup|« 319 
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mmm§ 
mxi} 8f4fB mAcnm 
ri o 
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In tlUl* «lui9t«r MUi r«««tlon l»«tv«ttt 
M r mA Mgg2 tarn lM«ft vitH ft ^AV CI) to ••tftliUili 
wHdmatm mt r««etidii, to otnd^ offoot of 
twro OA voootioft v«lo« <3) to flat o oorrolAtion liotvooa 
tko foMtiOA voto oaA tl io portioSo oiso of tho pvoAiiOto oaA 
(4) to fixA o oonNiXotioA liotiro^ tho yoootioA mto »oA tl^ o 
m t stoA OQUMfo mtrmin oa tho poarttoXoo of tlio i>yo4iioto« 
flM toelmiQiioo oaplofoA oro tho ooao oo fof tho proviouo 
0000 in vhiidi Agt'SgSiM^ voootiOA hoi hoon tiOcon. 
ft mfiirWi ttfttnt 
fho proooiit roootioa vmo oXoo tnitiotod in too vagro 
00 tho pvoirlouo OAO 
(t) CmpiXXmrf mithoA 
(2) fhoroofh oiiciiMI Of tho too roootmto la too ooXor OOA«> 
ooatrotioao* 
41.00 tho tMiporotwro ot ohioh tho yoaotlion voo 
onooo« t o toko 9I000, ooo ooAtroIIoi. 
CwlXlo iy oothot 
fho kiaotloo of tho roootioo voo otoAioA hgr plooiaf 
I gZ j io o TortlooX PTf^x cXooo tuho of 0«9 oa 
iatofttoX AiMotor onA 10 « i lo i i f th . ORO oaft of tho toho 
voo oool9«« k voli^h^ oaooAt o f Ooiv voo ploooA in tho 
t«ho MA fvooooi contljr* Vol ihoi osooat of RftXj tho 
•ttolftiniac Ovir k«pt in m tlMXMvtsI 
•oa«y»nti to t 0 3 Aft«r wUmt^m Ugt^j^ wm9 
mA BfXj tt««4 tlupott^ MMtt, 9li» pi*0|pr««i of tho roMlioa 
vm* f«ll«w«4 Igr th* tMelcAOM of tim ps^ o^ tiet logror 
fonMft ftH tlio iatorfooo « trvroXXiag BloFoooopo* lo«)i 
oi^oriatnt imo iNiposloA «IUP«O tiwio oM tiio «v«r«<o io 
roportoA* 
A yollov ^mAmrf «i»i>tar«a oooa offor tho plM^m&At 
ot tho iBtorfftoo uliieli gr«v with tlHO oa tlio OnSy oiAo. 
Tovordo tho mA it voo tli»t • mP AovtlopoA Mirooa 
Bgig ftfii tht f l lmr pvodiiot* fido inAiostod tliftt tlio 
tioa io vApoiUP phftM Aiffaoieii ooatvolIoA* 
glttotioo of oapiajUtty yootio^ 
flio kittotioo of tiao roftolion vMi otttlioA « l tlivoo 
tom^orftttavoo, jooaoly »4*0 oni 99*0 vitli ttio ftia of 
•tuifiiif tho offoot of toapo>«tttVt o» tko foootioa smto* 
Our «ftto fittot Wot in tHo ofuotioii s^ «> kl* vlioi^ x io 
tlM thiolmooo of tho 1»oi»««rf» t io tho tino» a io tlio 
roootioii OTAOT «OA k io tho Aifftioion roto ooaotoot. Tho 
Aiff«oiott ooBotftnt k ooA tko ooaotoat a voro Aotovniaot fov 
oaok toiipoiiit«x« tko komdoxy aoroMat votkod. 
fko ooaotoato k aai a adro tokoXotoi koXovi 
I 
X 
g» -0.9 -
Fig.1: Kinatics of the reaction between CuBr & Hgl2 
at yA^c^s^'^ca, 95®C 
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Vmm m p M 9t log M wvmm X«c t« k aoA a 
9t lot X • • r m log f tli* a i f fmaK 
tWAWttiiNi* mf glTta In tig* U f]i» iPtit« It 
foUdw* th9 Avvli«iklu« k • A A plot 
3.og k wmmm •'Ir fisM tk« ftetiira.tl<ia mmf^ 21 
KOIA/TT0}.« «QA TLII* K M KFTTII FLI^ OIIFT LA F I « « FK» 
fowoA tft linoar* fvem •lop* of tli« a^ Laosar plo^ on* 
oktoiat • SUS ko«I/»Qlo« 
Tkio rtoetioa kfto boon aaaljsoA in oxaoly tko 
wmnmt M aooovllMi la tko pvoooilag ekaptoip aoA I taa* to 
UontloaX ooaoXaoloao* oaXr tko f i a a l yoaulto 
of tko aaoljro&a moiaf tko alalaiiaalloa progvownt aoatioaoA 
oar l ior i o glToa ia TakXo 
t A »a a 
o.yr 5.1f « 10' 12.5 1.2t 0.925 
0.00 25.3t * l o ' 12.24 1.2S 0.925 
Vo aoto that iaolaoloa o f t aoltkor iaproroa T^^ao* 
^ " I 1 
t)i« YaXu** of K^  M J •stent, fkii 
aiallftr to tkio •lt«»tioa ia tlio ••rUor 
tioxi. 
At t i l t oxpoaM of %oin< oISslKtljr 
iro otAto ^olov tho finoX «oaolttOl.o&o of tHo OMOarolo of tho 
tvo roaetioao msA 
fho ftatA aaalyood Ao not aooosoitato tbat oitlioi^  a 
!>• aado toa^poratwro ^opoadtat or '^o f ^ faotor 1>o iatvoftiiooA 
l a tlio ArvHoaitto tQ^mnOM, Z& oarXioy roaotioa ottsdioA 
tho foooA fvoa tho olA grapMoal sotliod vao oalgr alMnit 
209$ off« oospiwrod to tiio rslm fmeA from tho Blolfflisatioii 
proooduro* Bovoirovt l a tbo proaoat oaso* tho 'valao ao found 
^ tho gvaphloaX aothod lo aXaost tv loo as high ao that 
fottod Iqr tho alaladaatloa pfooodoro* Tho garoator aiooifo* 
paaof sight wall ho 4 m to our hmriag loseor amh^r of 
points tor doing tho graph of log k Toroaa *|r than I n tho 
oarllor roaotlon* finally vo oonoludo that tho oarXlor 
graphloaX sothod oan ho oaployod oaljf i f a ^ttalltatl iro valao 
of tho aotlvatloa oaorgr B^ lo rotulrU* la vo hero aXmadar 
aald la tho dlaonooloa of tho oarUor roaotloa ooao Inaoou-
raoy la tho dotonlaatloa of B^ lo lahoront naloao vo lonov 
trm thoorotloal oonaldoratloao vhothor to aXloir n to ho 
toaporaturo ladopoadoat and hafo a t^ toM or not. 
Ifll4 i^flf rfwilwf Itt flfftaiff itkr ffif 
fli« r«AOtftat» OiiBr «ni Hgl^ C1H>1I  tkent 150 M A 
•is*) VWRT Bixvi ^LIOMGHLY 1A m TGFTTT mvtmr in TV« M L I R 
RATIO*, umml^  111 and 2f5 af CiiBr aaA Hfljf YAAPAOTLTALSR. 
fli«M vara thtn Inta %lup«« parts. Ont part » f aa«ih 
vaa leapt in an air tliaraaatat at 70*^ 0, tha aaoosA at 120^ 0 
a&A tlia tliird vaa kapt at vwm taa^aratura* fha produata 
af thaaa raaationa vara idantifiad bjr Z*ray aa haa ^aaa 
giYaa aarXiar in Cliaptar 4* 
iaalyaia of tha partlala aiaa 
firnlii ilm, .fit, .litllililt ftfetlMli 
OoapaaiUl vitk 
raflaetiaii ahoaan 
Fartiala aiaa 
at 
(«) 
StraiA at 
50^0 
GNAr ( I f f ) 
BfXj (If2) 
a7.4 
f040 4.3W0* 
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g^tfUitflft 
fh« atvAf of 0«9fv4M(X2 vnA r^takmi wltH 
til* of oM»iaiiEm Aov ooXlA yvoauoto* Ou^^X^ fonsoA 
ono of tht roMtloa pvodueto loac titoa knoin to hmro 
fonot la tho ooUA ototo thm t&to7«Atlo& of Oia mA 
a«Z2* 
oaoXarooo ouggoot ttot Ciidir BgZ^ vooot Itt 
tlio ttoXor imtio St? fti^ tliat tho rooetioa deoo not prooooA 
to ooKpXotloA ot rooB toMpovaturo* flio eoi^loto rooetioa 
ooQttoaoo ftt ISO^ C ofw bo ^iToa oa 
2CiiBr * • gOiiJ 
2Cia • R«X2 > 
• ^ CHj^fl^ • 
fho roootioQ ooqvoaoo for lif mXve votio *t 120*0 
io ciTon oo follovot 
5Ci)Br • a Kflj ——^ 2iI|^ rX • 2C«I • Ov»9 
20«l • If ig ^ 
5C«Br • 31«X2 OWjHfX^ • SSprX • CnBv 
voMtlOA io o tvo otOfpoA pvooooo Axifl takoo yXooo 
Mtuol ooAtaot or V TI^OIIF phooo diffiioiea* fflio roootion 
otoyo honro boon oonflrMft ^ thomoX oaA ooaAiiotlvttf 
25.501-
120 180 240 
Time (in min) 
300 360 
F«'g.3: Thermometry of 2:3 & 1:1 molar ratios of 
CuBr-NgI reaction 
. . I ) 
•itMnurMtftts (tic* 9)* 
fli* Avilitntiit •xpvttsaioii •h«v« %hm of tlM 
rmtm «a twfratur** Tliii« tht vouXA a«p«nA 
on hQ%% til* f««tdrt» auivly th* •3C9o««4 &r«a auiA 
lilgli«r twpvrfttuM YilX ia^ 
<rr«ftii« t)i« •ff»«tiY« eontaet wfm to co3JUL»ioa«» 
ExMnining tli« for th« p«rtieX« sis* aisa 
•trttla* of roftotioa w notloo thMt at 120^ 0 tlM 
parttelo also for l»ot>i tlio proAuota Cu^BiZi a ^ BgBrl for 
tho 2f9 aoajir aiactara la inallor tlkaa tlio eorraapoaditit 
valuoa for tho til adxtura aad Iionoo aeoorAing to our 
aarlior aaaanptloaa propoaaA ia tha praviona oliaptary tlia 
raaotloa la tlia 1tl a&xtara aliottXA faatar thaa tlia 
raaotion in 2i5 aixtitra* 8iailar37» tlit atralaa of ^th 
tiM praAuata at 120^ 0 for tha 2i? aaXar aixtara ia graatar 
tkaa tha aorraapoaAiac Talaaa for tha 111 i^xtara aat again 
aaaariiaf to oar aarXiar praamptioa raiarftiag tlia atraina 
of tlia raaatioa praaitota» tha roaatioa ia Itl aixtura tftoaXA 
ba faatar tlum ia 2t5 adaKtura. Za tkaraaX aaaaaraaaata tha 
tva paaka oorraapoadiaf to tvo atapa appaar aoaaar ia lit 
aoXar aixtura iaAioatiag thara)^ that tha rata in f t1 aoXar 
aiixtara ia faatar thaa tha rata ia 2t3 ratio (Vlf* 3)» 
fhaaa ohaarratioaa aahataatiata a diraat aorroXatioa 
r 
. ) • : 
r«M«iea vmtm moA p»rtl«X# aiiA styftia In 
thm of th« proAuets* At la th* 
It ! • ftlao obMrrvd h m tliftt (1) 
partiel* of tho roftotioa pvoduett tlio iproator ttat 
roMtlon rmtOt wmaXXw ttm otraia in tho partielt 
tho groftttip tlio voaetlen rato* 
Vo <101114 m% eolloiff aat* ao otraia and pasrtiolo 
•iso of tho roaotloo proAmeta at all tonporaturaa %oeaua« 
of •xparioaatal aiffioiatioa invol.'rti* th* iP«lctioiialU.p 
liotvoaa tlio vato of raaotion maA atraia in tho roaotaixl 
partielaa ia oaally ooaoaiiraliXa* If tlia raaotaata tia?o 
largor atmiii» liara higbor anarcy and thay vlXl aaail^ 
antar into vaaotion to raXaaaa tliaiv axtra onargy. But tha 
ralatioaaliip Mvaan tha raaetion rata and tha part tola 
aiaa ai^ atrein of tha raaotlan produota ia not ao vary 
alaar. In tha pravioua ohaptar va liava propoaad poaaibla 
axplanatiaaa for tlia aarralatioa* Howarar, thia o^aarraA 
aarralatlan aat«a ta ba ««ita Intaraaliof mA conaataaatial 
ani naaAa fartHar 4atailat InTaatlgmtiaa* 
O " " 
w r f f ^ T i i 
MTfXCB tlBEATZQiSS XB 80LZP 8TASE SMCflOSS 
-I N T 
imin f lWf l i t i t to tfMii 
ir«l«Mii« ittvtstigtttioat •f Milii wm&%Um» 
mt^ tUHPit fitly tetik MA Muiy 01111 
t0 ti^ljdftti* fwt %hmm I im m iismetiffii 
of t]i« tHo lAtti«« iri^tiOMi of thm «loMi 
lA tlio lottioo O&i flMI MOlMaiMl Of OOltt OOUi VOOOliOttO. 
km io noli luoMi m full of Xsttioo r^Uftralioao ooft 
0%0«VV0i for tlM «%0M lA WUC WOA tfekO iMPfOOO Of 
ooHio* Zt io oloo Tmrnm tlioi iiolvlMiott of 
l«l%ieo Ti^Mtioao In tho MDe oaA oa tlio owrfooo ofo 
Aiffmnlf* viMNi tvo ooSilA iroootaiilo oft iM ooatool 
tlio ooliOA i^il i hMB iot m mtAlMW tmpUMyi&m of vllHrotioa* 
ii^tloloo tHo roftOtioA tar •rrioc into tM iottioo of tlui 
otiwr oolioa lAilidi IURO cot o loffgor Mq^ JULtuio of 'vinvotiott* 
fldLO nor *3l«o ho99on tlo olliox* vor youoi* An laporloat 
foaroBotor giToo «o flio wmtm iloploooaoat lo tlio Dolfo 
toiworolovo* totiyo toayoroliupo « wluiyo lo 
tlM mtatimm of f»o««ooigr opoo%««» vltli Soiyo oo«looot^MM» 
tkoofr of oollAo* III TLM Bom IOXMMI MNIOX f , 
vlMYO c(v)) Alol f l lwl lom f ^ o l i w i o f tko M t l o o • iH* 
voilloo oyootnn* l a tlio Ooliyo tvyyoxlttolioa » 
A 
. . I 
a ooii«t«nt moA m^stittttinf th« Tain* of S(L)) in 
%h» «%0T« •xpravslon vt obtain (I j • tlia vsttal D a ^ 
taaparatura. Rovavar, , ia an avar aiapXiflaatian 
irhiali la not Tali^ far noat oaaaa* Ranaa tha Bona aqulTa-
^ hi) 
Xont (s; la not tlia aasa Da^a ta^^aratura Va ara at 
pi^ aaant ftaaling vlth tha lamian a««iatl<m 1»aea»aa ttda 
la wor^ fuajftaaantal and traata aTazr atoa mm indlTid«al. 
i ^ l a Bab|ra*a tliaoyy traata atona aa part of a eontinuoua 
iRilk. 
An iAaal exyalaX eoni^ata of atoxa ataekad in a 
ragttJAT aannar, tovmtag a thraa diaanalo&al arrajff v M ^ 
saar ^ oVtalnad tqr a tHraa Alnanalonal rapatltlon of a ear* 
tain pattam unit. A parfaet ahouia naoaaaaxlly ba 
infinita in alaa ainoa finltanaaa of alaa naaaa braak of 
ragaXaritr of atoaia arraaganant at tha hovnAary* Atasa in 
a parfaat avyalal mat naaaaaarily ha atationarsr at Xattioa 
poiata* Rovarart 4ua to thamal Tihratiana thia la nat 
•alia «T«n at tha ahaolata aara* fhaaa aanditiona ara not 
raaXiaahla in praatloa aa airatala ara finita in aiaa, ara 
auhjaat to taaparattira "rihratiana aaA hava got dafaata in 
than. 
At all taaparatiiraa» avan at tha ahaoluta aaro, tha 
atona in aaryatallina aalii axaauta anall oaoillationa ahaut 
thair a^uilihrlnn poaitiona* Apart fran thia, thara «a j 
) ) 
of %h9 povltloati of atom* from tho 
lottioo oito, eouaod otroiiiy Aloloootiea oni oloo t)io 
intfoAuotloa of forolgn otoat* Tho Xottioo vi^ratloiio o«& 
lio oonolAoroA to 4fii«aio lottioo dofoot in oontroot with 
tlio other otfttio lottloo dofooto* Al l thoraodjmosio 
po7tio«» tho olootriOAX and lio*t ooAduotioao oro dopondo&t 
on tho fro i^uiiiegr dlotrlhatioa of tho normol «o&oo of 
tion of tho solid• fho ototlo Xottioo dofooto intoroot 
with tho lottloo Tihrotiono oottoiag o ohim«^ In tho trm» 
quonoy dlotrlhution fttaotion of tho lottor oad eonooquoatlsr 
in thontodysiwilo proportioot oXootrioal ond thomol conduo* 
tiono and mansr of tho oXootronio proeoeaoe of tho aolid* 
Z)ohyo toaporaturo lo mothor important paramotor of 
Xattioo fihrationa and io Yor;r vaoh uoofuX, Tho difforont 
phyoioaX proportioo aro a ftmotion of ( i ) • 
Tho dioooTory of tho diffraotion of Xoray ^ or^aXs 
vaa aXaoot oimttXtanooito irlth tho thooiy of Xattioo vlhra^ 
tiono. Thooo two bronohoo of ooXid otato phyoloo voro 
oonnootod hy tho adTont of tho thoory in vhloh tho offoot of 
toaporaturo on tho •ihrationo of atoao vao otndiod hy X-ray 
diffraotion of oryotaXo, Tho vorkoro aooooiatod with thio 
doToXopnont hoing Bohyo\ Sohrodingor^, VaXXor ,^ FaxoA^» 
and laroX^ oto. Tho oulijoot io dioonoood in dotaiX in tho 
hook hy Thooo vorkoro oaXouXatod and ohowod that 
• f f « «t of on •i1ir«li«m sfwrt m 
VM m tf tlM ittt«Ati« 
%19B <ix;r«t«UtM ty tiM imaa toMift 
tMfmitwr* fm^w nkm 1 • « • 
^ I^M wa ro AUitXMMMnt ef a 
lAttloo point in « 4iM«tion 8 pMrpoaftietiliaf to tlMi «« f lo«t« 
iaf flm^t # is tlio Bin«f oaglo oisd ^  io tlio «a:ro3 o^actli of 
tlio lAOiioat ImWW^^ 
flio Mltiac i^iat of o oom io rolotoA vitli tlio 
So^o toi^ poipotttpo %gr tlio I»iiiitt«aii*o fofWtiA givoii W 
B » 
oluHro io tlio aoXtiag poimt of t lio aoXli 
II io tlio m»9A aolooaXov ooight 
T io tlio aooii ooXooilov ToXmo 
> io o ooaoloat i^oli fov ioaio ooXiAo 
fko voot aoMi otuovo iioyXmoosoal io OX|»VOMIO4 io 
toiao of tiMi fiootor 1 oki^ io motoi to tlio ^tgro tosyox^* 
t m Hr til* foXXoidiii o«iotioo 
. ik^f 
wlwyo li io tlio rxoftoku ooAotoat m oi«o* ooo) 
• im t l i« mXwwXm imX* irl» s wmmm • f 
lifAriifiii 
It 1« io l tSMiu i «iA«ft«nt s fo^^ Arfa/Afwr**) 
f i s Itlw • ^M l t t l * 
Tlnui t9om ttm stXtiag point« tMi^fttiar« 
Imowi. fyi»» til* twi t t^tm B Itacmn 
mA 1 i « vltti tilt «««& of «toni in t lu i 
l a t t i M >3r • • • t i l t »©ot w m 
•tisrt 41ti»Imt«i«iit iMfOMt knowi 
la tte fiTt rtMtioiit th«t v* hurt M^lojrtA for tld.« 
•tiiAjr vo MttoM tto iMPfor tiiioiit to bo iaaioMXo m& tfeto 
• m i l l ofttiono wro aoviiig* V n » imiovlcl ioao noiag tiMi tWfO 
fonraXoo vo ooa knov tho aooii w s r o iitploeono&t of tlio 
ootioiMi i n tlioir Itttiooo, Vo toy tlifiit tho eotioa hwriag 
tlw %iiioiP iioyioooiHKat clYoo as oppovtimity to tl io othor 
oiiioft to oat or its lottioo. Siaoo mm mwAmp <liff««ioA 
i o oloonroA tut othor ootion oloo «&tor tlio 3.ottor*o 
Uttioo. 
Potoy inot ioa o f »o%yo towportwro fl / ^ S ^^ ftr ggClBr 
fflio LinitoTiii* 0 f o rm l f t vldoli roXotoo tho Mltiac 
poiAt vith tho DolfO tosyorotnro io KiTon M 
. I J. 
yAmm % A mmg%m% iottlt mMB ^ II9. 
fbm HfOlBr • 478^ 
flM wmm mfrnthut tmigkt • 212^ 109.52 
fhc miaa a»l«ini2Uup iro3.inM 
xmi^ wtAu of • Ufa t 
Z«ni<» viiU of OlT » f«fit S 
Xoaio imau of By* • I 
YoXwM of I mlMmil^  of * ^ 
IRTIM IP • ^ FJJ^ • 
« P 
Kom mUmOm ^Hxm • ** 
Mlwll'imtiag oU tHo qttintitioo ia tlio £iaAiMinn*o fomiiX«» 
i a 
• 89.tT®i: 
Itflrlag io tomiaoi tl io l^olfo toMporolmro of H ^ l B r 
tho soon ilOfUooMAt o f otoso i n tl io boUc of %lio 
mtoriol «»• ooliMtoi Ir moiac tlit rolatioao S « 
oai oXoo B • • A* S • ' ^ 
. . I . f 
V M til*** ]iwr«, 
B • 
5fS.9i * l.iTS » « n i « * 
• 0.013T * lO-^* 
mA <ii2) ^^ • 1,52 * 10-^ t 
SiBilaarl^', tiM -li^p^xmtwrt* mA hi&m^ mm 
9t AfX d t^xn^mOL fftm), OiOliP, fiKX^ 
tpf tslmlad^i %tX«vt 
u m j i 
QmtpvmA t«o1i iwta 
1 . 1 
Afl (Inngonal) i,45 « lO"^ 
M r t.2t X 10*^ 
HfX, U4« * 
AfX 10533 1.31 « 10"^ 
IfBrI 75.5f 1.41 * 10"^ 
HfCla 105.W 1.20 * 10*' 
82<1l 1.34 * 
n 
' / ) 
l>»t«f»liMiftm 9f t w r u t w t 9t MifClBy ly 
flM B t l ^ of HgOlBr «ftii !»• a«««raila»i Igr 
Vilaoa** mttluiA WKfltqriaif X»v«ar ttelmiqii** 
?lui (itniQtttro fftotof f Is girm 
aond Z » ulim I id tbt f * i « Irhir 
eoajtigftt* of ftaA f | i » soattorinc ffteloiP of tlio jtli 
fttoa* iiJcI aro tho HiUor iii4li«o»» Sj luro tho iatofv. 
OB th« f aai • axlOy rooi^etiTolir* 
X • Z f? • ^ f^ f - oxp liaT\i(*. « ) L L 9 ^ 
• - jr.) • Ub^ • 
I - f|) o - ^ 
Slue* tho oxyortaontol (aoasoroi) •AXimi of tho iatoiiol'tyt 
o^taifioi f^oa I Hgr vaXtii^lyint it a Malo 
factor i: «e aa to ooavovt it lato abaoluto ^ t a , 
A 
-1 , 
I 
^Z^ 2 
l is* vi%li tl^p* • 29* B«1I«« B is 
t « HIM t^milim (t) to dstvifslii* B* B 
* la (1) KM 
^mmtm*^ it t© ^ mrwmf%9A flu iK»fttt«riai 
fftStOX' tor ttli tl}» fttQM 9t lUMI to tmOIRI ^ tlitt 
•{»t«ifi«d fimw ttmtitiM fotmi mm 
tmtmXm%§& M o v In t«t»l.« I I . 
mmji 
1.44 i f i U M 0.024 0*05 
4049.tf O.t® 
0.m 0.099 •f.fO 
0*24 0*04€ «0.82 
4t3i.3T 0.070 -0.99 
O.si-
o 
0»JH 
CM 
0 O 
< 
A 
1 
o u 
.V . 
» - 0 5 
o» 
o 
-1.0 
25 A5 65 
Sln^e/K^ XIOOO 
Fig.l: Rot of log^ [ < I c o r r > versus 
Sin^e x)COO/K-
75 
MO* «al Whm « tfrai^ 1) hti^wm Ivi;^ 
21 •fMM« to MA lUNiM B • 
b9X» htew %Mje umaH Maaiiif. to lio 
Zft ft roviov^ OA *lfft««rioX fwma^^wt Mm ooXii otitlo 
TOAOtiOftft* tDo Alftoifo&t ••&«« of wiAoviol tvonoyoft l a th * 
voftotioa littvooa MgO oar looAiait to tlio fof i i i i t ioa of 
^ ^ AioottoooA 00 tluroo ooooo* Za tlu» t&ipol 
oaoo tlio ooiuitor diffaoloa of Hf^^ aaft imm ooa^  
oidoiroA* m o :ro«Blto ia tho gvovlli of t l to f^oAmot Hlfo^O^ 
oa Mi l oidoo of tlio iatox»faiNi oiA t M o lo tho ratio of ti9 
oa KfiO inA fo^O^ alAoOt voos^oliiroly* i:a tlM ooooaA oaoo 
tlio oatlvo Xattioo ^•z^y mfw anA t ^ Aondaiiat mwfth Hao 
%ooa oa FojO^ olAo* flio of proAoiOt fovaoi oa tlio too 
• i too iNiiac 1t4» Xa tHo t E M oaoo tl« inoa aovoo ia 
otalo iuii aloo aoro fvovlii l a tovafAo tlui VojO^ la t t ioo* 
tlko r a l i o of tbo pvoAaot foiwNI i o ltd on tho tuo alAoa* 
Xa mat proooat roaotioo Afl^SscrXBy* i f no a^yljr oar 
](ao«loi«o of ia t t ioo Tllvatioao aaA tim f i r s t oaao of t iM 
OIMVO oiaafio no f i a i tltat t lM iMiaia of i a i t l ao Titara** 
t ioaa tko w i l l 1M tko i a i t i a t i a c ioa MA v i U oator 
iato t iM AgX ijKltioo* fko Ait lunriag a aoaa Aia* 
flaoosMit v i n alloir t l i i o . AO ooaator Aif^Uoioa i a altoA 
A / w i n aXao fo lato tlio Uit^ U t t i o o M t tho roaotioa 
-J ? 
iM SUA • mmmtit tlivl 9/4 99»im«t f^vmi m AgX 
wiA may 1/4 m BfOaSv 
Of tlMS* flTf AtZ-SiCl^ '•MliOtt alM yvw* 
vitli grovtli l»u&A«ry on M.gl tii** 
fhi* i » astia •xpX«iii*4 M tli* «al«uXaeli«ii« 
V* ••• %li«l At** ia Afl lisv* a srvat*!" Aii^lMwmt tlutt Bf^^ 
in 8i03.2« vtWiXts la AfX icltitt* f i a g tlMi 
3.«lti9« fQw %h» •atxx Of Rff^ *^ 8ia«« tliitt t » ftiftla mm 
%t wm^me n&lX aXf» Into tlM BgQX^ 
In thft MMdfiiBf tlii*»ii r#f(«ll<»&»t l^fMlgl^t 
noa «viA«iit fvm iih» n««i dlv* 
plMMAAt tKl^ ittlslimMi tliKt Bg*^ ^ luer* m Imtfr mm 
AisplMWAnt tlMa •if 0«*' gf^vlli tilt 
•iX'Ttr •r lufllii* e^Mrrti in Xmtml 
Ztt tlw tikt%i«lific v U l 
zt tnn f t iat« isz^ ^^ 
seewwOsSleB tf vitli tlM tiMt wmm Sf*'^ 
« m tktMtlT«» f m tliftt ttlM^^lwy* iaA OiiBr 
A* Vi^' U UvaXMt mU mppw only tm 
i«a« v iU jnMMfvat f « r Mmnwr 
Mi mt%9W « m !»• ia Hi* 
v« l i « St l i t M IgXi M r Mvpc^tlY^lsr* 
' 1 ' 1 
I f 
la MgtmMgBtl Af** h&m m mmllmw mm 
HBpXmmms^ mti %hm M on 
iMiii* «rovt]i ihonlA oft BgivX rniAmm Btit on tkrii 
val^ migr miiA^vfttiOfui aai tbftt fm^^kim %m 
ift f i9 ndi^i HgBrI M AgX 
tiuPt* crtvlli t^muNl* Agl* 
Zn AiX-KgVrj «3lm» ffOfVlli plM* 
iM»« in ccafinMtimi with Xattio* 
OidT %m9k to oi^XiiiA tlio f«Xl«v|ng 
yoftotl^a* ftppljria« wop k&ovMso of mmn, Hvplm^mmntB ttf 
tilt eatloii* in tlio and otHov tiling* also 
to chftvgo iftttio of tho ofttioaot tlio fotmation of tbo 
Aisot* in th« oi^iXifttir ^ otuntor 4iff»«iott mtdmiXm ot«» 
flio ronotiono ovoi 
( t ) AfX • XgeiBr HMttiom 
(2) Agt » SfGlj roaotioa 
(5) M r « HfZj y^MitiOR 
(4) kgt m EgBvX 
(9) Agl * 11(1^ 2 yOMtiOft 
Am m know tiMt in ifvofar i^otiott tHoM mm mm 
vttto oofttmiiac fMtoro. Zf vo tfy to o«to«oyioo tlko 
aroaotioM in nooortonoo vitk hm tlio ronotioft io 
initintoi tntf pvopocntoA tlioy oia Wo AiviAoA into two onto* 
I \ 
tli« f irst iTlag 1ft mA thm ittlaf tlum 
Ijrlaf itt tlw vllitr* tttaas tlml tmkmn 
ftTtming tli# r«tetl«ii la «&• Iam lutorkint In 
tlM 9mm* 
In thm flxwl tvo rtaotloas Ag*' li«r« m 
mm H&plMfmmt %%m la HgOUy mA MgOX^* t « 
tluit tilt l«a hmiag m v l l l 
Muni aoA vllX <«t dttaolMA •oonty. kft 
Into BgOlir X«ttl«*. tifo eatlons v l l l •aeh ot]i«r 
vlth tut r«salt tliat M^^ m U fo lat0 Agl lattle*. 
•aft Bf^^ v l l l aw l j r t)i« m * loale imAli litlnft Ul? S 
wmA 1*12 vtsptotlvtly Intt Hg^ ^ is AwOO^ pssltlvs* Tlui 
to )nitl« v l l l bt for Hg^^ than fdr Ag^* 
m s wsiiltt la A M t t r attriMtloa of Ig^^ vltH th» a s l i ^ 
boaHag •nlons. Btao* la ths AgZ lattl«« v l l l lit a 
f«rt«tm1ilt sltaatlta* Vt altt kaov tluift tlit rtattlta »rt« 
tttit vlth tikt eotiattr ftlffutlta tf tli« eatltnt* Afttr 
hmm t«M tht tllalaattA kit «1U go to BgCUr lattltt, 
Ag|9gZ^ ftvati ta AgZ tiAt v lU bt la aoeorAfwet vltli 
t«viatloa» 
tlgl • Ig^* • > AgjjHgl^ 
low tat atlttalt of bat btta fomtA at tht ti^tatt 
tf fowr aolttaltt of AgX that toae opitet voulft bt evoattA 
-1 1 
wA M ftlAo tk% 9W0i%9% v i u ^ toiMti on AgX fli« 
Af** irhi«h t9 tilt otlitir 
aoltoulM on*, oMjiuilir 
v0ttlA 1i« no spmoo on tills alAo. 
fht wno pioluxv is ttwt for Af 
At** hmro «ot a grostor aiifIae«Mnt thm in BgOXg* 
S«no« tlio MUM prottooo iril3L t«ko plaot tm in pv^rioas 
tion* Horo tho aroMitioa i^ s^Auot* «ro A^Ol* 
Afj^lfZ^ io fofstd in ftoeov^Atineo vitli tlio ti^ itntiony 
2A«z • • a r 
Again on* noXooult ^oing fovKoA at tlio axpanao of four* to 
•paot io ei^atoi on AfX oito a»A tho pvoauti iai^or gstwm 
an tida ai«a. A«01 ia fonioA ^ intaraatiaa of Ag* vitli 
OX** an tho ot^or aiia# 
H* • CI" — A f d 
fka raaaininc tlupoa raaatiaaa ia nat «litav this tranA. 
In f^aatiaa* Oit^  liaa got a awillar Aiq^XaaaMiit 
tiMn Mft^ lA HfZa* ^^^ Uttiaa* fhm Oa^  
liatra got an ionia raAii of aaA tHat of Hg^^ ia 1. 
Maramy Hiag dauliljr poaitiva luia a liattar attvaatiaft with 
2 - 1 
m i w , §9m$ Om^  will MV* to «li« 
M i«BlA«at gvovtH is oa WBw 
Tim M M t i o a of («tttii«) v l ^ ng^n im UtUnm 
A^ OY* Kf^^ lum m tliaiv 
viih r t v i i l t fthttt a/^ wm% l a t » U t t l M aat M 
in vomKIoa (1) kg^gl^ is f^mtA ifstiaiiifii in 
•past that dlAs* Ag^ «1MI tw r t s to tlio sldt of ng^ l 
iposoltittn ia tho formitioa of AfSir on tliitt oido* Soro mgtOA 
gyowtb is m ii^ sldo« fids :roMti^ stoioiiiosot* 
i^ ropoTtion of 3i1 in stixluros of AfX and g»o«tii 
is tovsrA ^X* 
Xa ths ifssetioii iMitvosA MgX (emliio) siiA SfliBi^ g* ^ ^ 
»ssR iispisosaonts of tlio oatioas aiPs aoavlir tlis SSMT* fho 
pfodiist grovs pvobaba^ ia aeeoviaass iritli alKiirt trsaA* 
flio fti^^lasfiuMit of is a l i tt ls aovt so as sx^laiaoi 
px^Tioa^ tho rtaotioA takos aadt Af^iZ^ maA tarn 
fsvaoi* tlio cvovlli WiiMi oa Agl siAo* 
yas la f t t gsaot i^tos i a to t l is otlioy 
i a a soXii s tats y a o t i o a i a a say i l layy 
U ftrstsa l a i p y stuAy 
TIMVS i s a ao i i im *a* soasist i&f o f oas t f p s o f stars* 
t a l l i a o sa^stsaso aaA a asA iw *%* ooas is t i i i t o f aaotlioy 
"2 
9ft •yyctsXliiM wiMiiaMt Mar* in f««ft«»ii f^m* 
at th« iat«rf««« in «ilta1»Xt 
fhl9 is til* sttufttioa «n«lim in ft •olIA yvAOtloA 
o«(mr«iii< tn a I& %Iii« 0mm M, aai B iNiftx» to 
th* tvo ¥• iMiit knov iilmt ^•iamiiitt i^ttkcv 
A wottlA into B oif 
In acmt ia miik. rwnstiont it 
to ooouao tliAt proooturo mA tM^oimtiiro roauOn ooii«t«n.t 
tiis*o«| i^««| tlio i^ s^ oooo* flitvofoTO» tho thormodyiittKlo poton*-
t i « l if AotiaoA oo fOUovo gooo on ttatotoltinft 
^ • IT ^  fV * f 8 (1) 
i ^ ro tlio aifmlioio lunr* tlioir uouia Moaiaco* fm.a Ma bo 
000a ao foUovo, 
Ralo of Iniaiaatioa of tBofoayaniiio poto«liaX 
f w a olMUflo at ooaotaat ttatporatavot ft vo liaero 
fvoK tHo ooooai lav of tteofiaoAyiiaaioo tlMi 
^ 4 s (2) 
lAmw A Q «liiiif« «al A i til* •aty^ir «)Mueii« tm 
%im i>««tt»fliit t w m t w p * ff. fiimt aj(V #f 
thmetmAfum^eo 
AQ • t • A U (3) 
V Atlidt** imvit |jiv»lip«i mA ^  ir in 
iMtmPOM^ mwtff of t ^ mmemr^ if p^mmv t i « 
WmW/^1 C4) 
i^ifF* A V i i tim iSsam^B in Bf mmMs^m C5) 
«bA C4) atioTtf fos> n fliifeiiit «9ii«tttiit 
ttai ^ yttMniHi 
n • f AV - f A S CD 
ir« eta vvlft tliff in tlttiraodfaa&ie ^t « l 
# « Air • f A t - fA s C«> 
flMm (5) 
tills ofliiiiti«ii lt«XI» tliftt itt tlM mm, 
for Vfomtwhooms A # i^ t ttviUMnat 
A # • 
5# Cii»ii»ym»loii •f > iMgXm iyifti|i 
Of&«iA«ir m ciAcl* A 1» tut tai 
lunlaf A i f tms l ^ MA ^ mi i f « •kMC* 
A Ift tMBffporllAi a9X«eti2.« tff A fm i 
At tQiivlaat tfB^tmlmr* anA w hw 
^ h - - < .1 ,4 
vhm %hm *mV Mftr* to tvantitj i^r 
etaX«* V* y«f«r ttw «li«Mi««JL f«««a«ita. 
1% i r m Cl.t*/t • ^ ^ ® ^ ^ nmlbw 
aoXcenXtt I& moM tlit ATSnaivo** aml^r}* 
Sow A m u f * « « 'H* If AiJ 
thm #4 « A.tj^ • i j - i j wi tqr tut 
diMttctloA* Tlila traA«f«r«a«t •t A froa wlVL ff« 
« m is no A l « f « in or « 0, 
tiM potintittlA oa tlio oiAo* m otuftUai*** fi^ oA 
Wmm « i U W ••lAliXi«iM4. 
8« fw thlm VM for « tiiicXo iirillMI* 
4. 0wr>U««tloit to > t w »oet »t f r t — 
fho sltuAtioA foy « %vo oovpoAWit lortftMif ••^•iiiaUy 
i f tM ooai^aoAta aro •tjr'lAlXiAo •oXiAs i « pofliiys Mt 
M •isflA* Wwm M« A AiapXiatio goMyaliMtiOtt 
vfekMi tvi «iff«r«At sftoioa mm yirooont it AtlMptoi 
2 V, 
lit*^ r«fi«m» «iiA Matftljiiaf 
A I F F M I I T MI&A « IIM1«IIX FFFT^SLAIM** A AIIA B IA « 
f93Ni 90Mii1»X3r iMnpiac a i f fmat •vfttal «lx««tuy«»» I w v* 
MMt pltntsi%CL« sMnwytiAM* I ^ t A ^ ^ ^ * ^^ mvom 
tkacl B fttfiitftiat • wi—Mm mailwr of <A i»»itU 
potoatial of tho ifctoa (A • B} v iU a«vov«i if • 
pivtiolo of A firoA « ! ft Mi^tr fotwitiol.^^ ***** 
•itoo *%* oaA fonm voaotiott pvoHnota* Z% lo AOSOIMA 
tlMKl 0P90«1%0 viH tho oftoo if pwrtieloo tern 
to oooapgr iitoo in fliio io oaly m oown^tion But it 
i^ pottro flwioiBio in tliat tho mmtall 4 mwt bo iovovod tm 
tlio x*o«otioii pvooooAo* flmo m tliio piofttxro A mvM po&o* 
tyato into B i f 
Vo otn ooar that thio oowmptioii io in tlio aotuvo of 
m oowmM 0i«4M0 o0«i«0B9i»i00X norldaf ymlo ioopiMA 
Mdaly ^ tho oitnotion oxiotiag In m 
fkio o«iiooto tHo Aooi for o «oopor tliooiy to ooooiml for 
tlUlo ftoowiptioa if it ooft Bo aBom tBot tBo vorkinc r«lo io 
oBoyoi ^ « •oot oaovttt of 4oto» 
BiMioriool. ooliwitlom of iifforoiit towm ooouBMPia^  
itt tBo OBoaiooi pototttioi of ngl^ 
Vo imto tBo OBoaiooi yoto&tiol •• 
I 
wlwvf M i « thm miBWr wf •f tkt ••miniA 
•Ottfidterti* V« tvr U«atiiy t)i* pv^ AMdafttit la tlia 
ttbov* •xprwMioa. ir# mmvtviitlda 
BfZj ^ l y M ia «1X 0th9r •vAm of MMPiitaAMi m 
mmm Umt th9 MM, Zt« tlitv«tor«» MMatt ima«e«»mti!r 
to vtpoat ••ttosloo for oaoH aoA mvar em* Xa «hat 
foUovo thio votOA ^ooM tuito oMotui« 
€ • tvi 
tf 0 Fat 
€ • ^ • ^^  •o(3n*f (10) 
vluiyo i « tlM :Lattloo ^ tlio ctfo potat 
tioaal taorcr* a tli* amWr of atOBO in tbo ttoxomaof K tho 
BoXtSMNui'o ooaoloat oai io tho oomotioa to tho thooxy 
ariaiflf oa aoooaat of a^px^xtsato oralaatioa of tko iatofvaX 
arioiac la !>olqro*a tlioovy ao iroU aa tlM «ofayturo of tlM 
aotaal h§hmn&9r from fiolsr«*« tliooxy. oC diffora oalj' aUn^ly 
fvoa aaltr tho oateataaooa ooaoidovoA aa ma^  ho aooa M i l 
fonoviag diooaeoloa, 8o ia tho oaXovXatioaa vo havo 
altiaatoir V«t U 
Voiag 9o^o*o tliooxgr* for a ooXiA, tho aolar iatoraaX 
oaorfjr of a ooXU aor ho vrlttoa aa 
2 : > 
4 
( I t ) 
G » ^^ 4 ^ aiiA (E) 18 tMiitifmtvaNi «f tlM 
MliA. 
flM SAtt£tuX wom% IKI ftaalyti^iCUirt 
In ft <a«Md toni« Bovmv, ia two AXtiNiit miMiai 
«aA ( ^ ^ f appi^xiiiatidiit ecu iMd« 
miilcdi jdoM AnaO^tloil •zjiv^ssioa*. In 
to 6t®K waA f rJ JOO I^ In sititft-
tioii It ir«Xl knm tlimt 
I " ) 
tlaiac (12) x&{i%) ir« ffirl 
~ •oOSal^ kt (13) 
irtim suffix A liitieilt** h^m imliar* of flw 
•f iato^gna m also of tli* iapai^ttr* ia Mtiia2> 
pmtlea tr&m thMfy* tli* ttrs in (15) AMis 
te ttormctai. V« aaanat tiuit ••rvaati^ to tMo torn 
ooB %o tooufkt olMttt watipaiyiac tlio tont vltli « oorlala 
ooy!rootloa footor vMoli mr ^o dotoislaoA ffOM oxyoviaoat 
00 «otolXoA %olov« 
- -1 
Tli« Mivtoilti fonnlA for t h§ mXtat Intomal 
lAum Mtf f ix 0 inAieftt** thmt it wtmm tovMtltA 
flMi aelftv 0p«tifl.« h»mt i » tli« t«Bp«v»tiuNi 
aoiftv |jit«mml •atfir* tt^Xnr 
h—Mm Gj^j^ mi th« t»3mmr Mag thm lip^fttxlttt* vftliw 
voiaa bolA if <19) w umA mA %h9 Xm 
ftoiwttttd ir«Xi» moA i t tht 9m to oosi^ aroA airoeta^ 
I 
vith tlio oxporimtntftS. ta!.!!** Hommborlisg tlmt G is 
dwit of tho toaporaturo fox*« gir§n rolmm m Hem 
C^ j^  - Jai^lt • 3mll 
and C j j Q " 
(15) 
vlioro tk9 onffix 019 mfovo to tiM oxj^riMatoI. •aluo. 
Yho Taltio of (TCIMO fouaft fioa foivMla (1$) ftev 
OOTOFOI OMOO of iatoroit ma A l f f m oaljr 9litM%r fyoa 
imitj 00 oan %o oomi tmm fmhX^  XQ 
Tho TAlttOo of ^^ oro g i rm\ M l o II lioto tlio 
2 ' I ) 
fABUt til 
«1. RtMtMXl 
lit«i in «iil/a»l« 
(MSl/MI*) 
t. M r 9*44 n«88 
lt.82 1.05 
3. Ad («iiU«) 11.88 1.08 
Affl Cl(«iEif9i»a3.) 11*88 1.08 
9. HfOl^ 1?.8t O.f? 
n»82 1.05 
t . BcBrX 1836 17.82 1.06 
8« llfOlir f8.3« n.82 1.05 
« ItoffI of tlM v«Xtui« 
2 " . 
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« « f tiv m lA M N M 
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© A iPi 1 3 A A • Ml # irv 
p a r: A s s A • 
<M 
5 
• # • m m w 8 rv 
M l 
« rf e 
« • « 
valMa 9f M^ ^^ mm rwMtmt* 0t iatrnvt* 
t0r iotti« «r« •litainti tojr 
s»ftt*« %i!t«»v3r« MB •im •titftSA«i ft«m •atlMdygr 
^ B^ ttsiflf •• MOltt 
vliieli liMi 1i««ii mHNiax^tft hy dimgrm fw m 
\ 
A 
/ 
•f<«.v 
(tfvarvtal.) 
\ 
iflim ^ to %h9 tmpM^tmir* sad Cm) mtw to 
•laiiiMNI %«iiic tiMi iil«t« mt t 
aai tft^Xf f to r«»i«tloa tlio 
U td A tli« vXmttm 
Wi iu) 
mU * V m 3 amsloKl* ioiMit 5 f®» 
f«3yKlMi« iMt nai I iiim«llJiMr iMMi? 
Vt lim aot «kj of tHo talmlJitioiit •t mm 
2 : 
lAttlM •AMPii«« im fiML* Zf twrMlT** M h m ttlkm 
tem stcaAttNl XXtmMm wXinM^ 
km tV9m faikl* Xir« %im iraXiM 
of foip BtfZ^ i/mU mrkB m% 
2551— . ( n ) 
fh* amiMfV 
Ti^rclioan tw m wmh93f MlAmiXttt tlMiMI^  tw HgXj 
mm in staiiiMrd V* hmm 
^^ Cj^  ^ ^^ vsv* ausbcv 
««liaaitioii pttvpatM* fteit foy H2* tlM v m a m i ^ i t 41 $9 
mT^ • fiki* td 
flnui 
fvfit]i«rt talciaf a • 5 f • «• fiaA HIIKI 
Uw HX, 
Saw #/MiX««iaa ( I f ) 
•0 that 5 aW 
¥ - » 
m is %rm mui« mUmU •f HgZj* ^^ 494«4xt«7fs 
cat, « l d l « tlM ««A«it]r of 8iZ2 
M tliftt Ml r » t « lwii» l im • f3.6S » ^ tfnmt/ta/p 
ir» blew 
• 1.32 X fO"^' C20) 
not* tlMit if tti« Mrml . 
i U ) f » • ^ 
tow m^ phAMi of solid SgXg 
glvoA 40 CaX tT^ i f B i t fooBA fov 
Bglj f ^ ^ flM foanml*^^ 
« - 311^  (21) 
vitk « vfht aai f • 300^ tlio •U.tto OOBOO mck mOy m 
L(*7 0*2. lowrroyt OTOA I^IMI VO oallaftio f « 
moiaf tlM lorgor TOXIM for i » O « 40 iT^ MXO*^ » m 
• t iU f ioi tliot si f • 
f i - i Ux i o " ^ lyWiowao (22) 
flrns ts oloo. 
•wNiailsiac vo l i m ftomii tho folloviaf TOXVOS for 
2.'1 
tiM matimM %mm •e«wnriaf ia %lit eheelwl •t 
m%U itcSj* ttMtSjr 
f t » 
vt fioa t&wfc • oCJalf • ^ • f® %ttti&th»r 
tiMtt tfl ttf I t Mgr t l i i f l ^iPifttioAXay A U 
%«rmi other thm ^ ^ venOd aor^ or of csmi 
03rdvr f o r alaoid a l l tH* 
Aatiratioa of « imtioii ^ iBpimtiat ta 
ioaia «f3r«l«l« ara kaoim aapixiaallar la aararal aasta* for 
•xaayXa* f a r Oa ta AfX» • 9*4 idla jr/kala 
490^0}^'* f l i ia my INI talrta at a raii||K Miaoara af tlw mm» 
t r i M M af iafaata ta SMiac that » aoe m a J / 
«ala far kgt (tal»Xa XT) i t ia alaar that % % ^ ^ 
aitaatiaa far atlMr raattaata i« ra iy aiKll«r» ia i a 
t lM aaat iaaiaaat t a n ia a naA a l l athtr taraa atta lia 
l a t a l f fstf iattwi mt99p% 9«iiii»a ia tl iat rart aaaa iriiora 
6 af tka tva rta«t«ata ar t axtrtMly alata to aaidi 
atliar* It aar fart luir %a paiatoi aat t iMt tluiaa tawM art 
af tha OMit ar iar far hatk tiM raaalaata aai aa iaaii t1i«ir 
2 ' 
iflMwm^ mrm WAtlk tHaai th* wSmm iiMa«ii#tt inii* 
•ciM* for it fttit* mif* ^ 
lur e ^ . 
iftUi W mmthmw la itim mmUJmv taKpfiJii^it 
few It gHov tliat ^ ^ i « fior tli* t«ys m a 
in tit* of AgX vli i^ iMMi Uw*«t • m 
•f a n tli« liatui ibn If* Owr uliert stattA 
vorkijif mitt tlt«v#f9x«t W tliat it viJUi tii* 
ifit!i tht ^^ tl&ftt v i n Iiit0 tiia vtft«tft£it iritli tli# 
l o rn In otlwv is tiMi psmmtm utiili 
a«t«viiiiii tli« divMitiom af p«iMitf«tioa in tli« ••pillaiy 
««Miiuit of tito mmXlM&tm of .TC^iiII 
yoMivo to fit ttU f tiM r«Xo ^oorir piNNIioto tliot i f 
« roaotont A ^motrotoo iato tlio roootoat B to fyodaoo tko 
•out atato voaotiott It oao toayox'Atufa, %Mm mmm aitaatioa 
v i l l yoraiat at ail otlioy tw^rataroof i*o« aivngrn vilX 
yoaotimto iato B* 
y^fif^oftiff ff ^ f^r^fm ^ ^ 
aolii atato yoaatioaa ia tlw oapillaafy 
Vo aarviod oat oa o:^ori«aata2, atuiy witli i ) BgXj 
mA Mw til* lunt, u i U ) H^lJy msA kgt tte 
Otiltv* 
V« f«naA tHAt acZj pmtwKlts iaM^ 
p«B«tM%«S iMf kgt* 
Tim VMluM tf ^ BtXji OiiBr «iiA AffX m Uviti 
t a nr v i l l i * fmr BgeUKr m f^eOn* t o ^ 
tlMl •Kl.ttt* foi* H^Olg HgBVjl* Qa tli# 
of tlio ii0f»lEitic yial* w« o^oet dlJP»«tioii of p«»o«» 
tvot&oa t o too M foXlovoi 
i ) ftgtz ^ ^i. * /^ftoXo) iboiiXd poaolmto Into 
tmT { • lEllo i/wMM)^  
l i ) Mgtsmt ( ^^ • m $ U U 4/mU) tkmU ponotmto Into 
Aft ( ^^ » 608 kiXo ^/koXo). 
flU.0 laAooi oifliioo v i t l i oxpoviMtttol. f l a i l f i f i a oooii 
flM «oma« i«Io oloo tko foUo«ti« toaotioao 
otiiilo« otkoro^^*^' oovUor* 
fko VttXO piwiloto tliot 
l i l ) IfOl, < S * <rA»lo) HioalA pMolvmto AgX 
( • 80» klXo iTAmIo). 
!•) Mifiw^ i • 299S kUo //bolo) OIMUU piootvato iato 
Agt IdLio 
2 M 
T} BglrX ( 2585 klU i/mnU) idiMdA yaB^trnt* im%« 
AcX ( ^^ - 80t k iU 
in) Bi(a2 ( • 25S9 iduittli 
enB» { - m ^AwatK 
( % - 879 4/mu), 
Tiii ) aprx < 25S5 kUd gfeMiOA SAt« 
M r ( - «79 Itllo #/••!•)• 
i f f fwt iMis talcm to fmr 
flM otiMXTfttiOAft m ia tigmmmoM witH 
«tiF ita« ia •Mil •t ill* ••••lit ^ i o f m% « 
SjJEEMHtitiHk 
It p »Mm* tluit mm vlijr tlM slaplii ««fftiag 
vol* « • lunr« clTtR iiboir* inmpIcc %to«ttM v* fmUxm 
fi««12jr intli Sf->Mlt9 on tn* IMHA «ai AC 0»»Mt.t« 
M tk« ttlity, f k m m^ IM tmtldJBf •pvvlfic t« tlM«t 
fki9 •Qc«««t« that mm « ii«it st^y ta 
•tiftijr t » ••• lu>v fttPt In fMtt Atir •Ispl.t nwykliic mlt is 
•it«e«Mfttl wiA«rtftlE«ii» Xt paastHI* tluit 
f i « « t l «ui MMSM17 i ^ A s fiuuitltatiiNi 
«ai •xpcflMAta). aaslysis th« sitmatioa tn««r-> 
takcft* ir« t99X m^ m •atOjrsl* iMrmi m^pm mf 
pimmnt vorlc. H«vmr» « • vacitst %hm% MMOl m maa^X^fAw 
irouia vortbvliil* M « « siot find a MtlMMdl* 
•»X«tl«a to tins in ttm litmitot** 
f i f « t step Bight IHI to mm %h% XitwmtMOP* aoi^ 
«atA liov fior Mii^ineal TOX* HOXM* 
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